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Influence of the formwork removal by polarization on the facing aesthetics in reinforced concrete
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Formwork removal by means of polarization offers an alternative solution to compensate for some of the disadvantages and risks of using mineral-based oil due to its petrochemical origin. This technique consists of applying an electrical current between the steel reinforcing bars and the metal formwork wall in order to obtain a thin water film at the concrete/formwork interface and allow for formwork removal. This paper focuses on the facing quality of the reinforced concrete and formwork surface at various temperatures for both conventional and self-compacting concretes. A series of experimental tests have been conducted in the laboratory to determine the optimal polarization parameters (voltage value, time and duration of its application). On-site tests were then performed to observe the scaling effect. Results indicate that the proposed polarization technique can indeed provide an effective means to separate the concrete from its formwork without requiring demoulding oil.

Concrete mixtures implemented both in the laboratory and on-site display high-quality facing without the presence of any attachment points. A chromatographic analysis of the concrete pore solution and water transported by electro-osmosis shows that ion concentrations remain unaffected. This polarization approach can thus be used as an alternative to avoid the use of oils of a chemical or petrochemical origin.

Introduction

To protect formwork from corrosion and facilitate the concrete demoulding process, the application of a release agent appears to be an essential step. Such an agent is intended to prevent adhesion between the concrete and formwork walls. In France and Europe, 2 approximately 10,000 tons and 80,000 tons of mold release oil are respectively consumed annually. The market is currently dominated by oils of petrochemical origin, called mineral oil; they are entrained into the ground via formwork cleaning and rainwater leaching, thus contaminating the water and soil with highly non-degradable and toxic compounds. In addition, operator exposure to mineral oil through skin contact or inhalation of vaporized droplets generates occupational diseases that have been recorded by public health agencies [START_REF] Caro | Influence of the nature of the demoulding agent on the properties of the formwork[END_REF][2][START_REF] Courtois | Produits de démoulage des bétons compositions, dangers, mesure[END_REF].

Vegetable oils are extremely attractive substitutes for petroleum-based oils by virtue of being environmentally friendly, renewable, less toxic and readily biodegradable, hence lessening the risks associated with these products [START_REF] Shashidhara | Vegetable oils as a potential cutting fluid -An evolution[END_REF]. The use of vegetable oils would make it possible to considerably reduce the impact of such products on the surrounding natural environment.

From a sanitary standpoint, the use of vegetable formulations would likely improve working conditions. However, their low oxidation and thermal stability, accompanied by poor lowtemperature properties and a narrow range of available viscosities, serve to limit potential applications as an industrial lubricant [START_REF] Fox | Vegetable oil-based lubricant -A review of oxidation[END_REF].

For this reason, operators have sought to forgo oils altogether through implementing new easy-to-use techniques like polarization [START_REF] Goudjil | Electro-osmosis applied for formwork removal of concrete[END_REF][START_REF] Bian | Influence of electro-osmosis to concrete demoulding on its properties[END_REF], creating new liners featuring self-lubricating surfaces [START_REF] Spitz | On functional signatures of bare and coated formwork skin surfaces[END_REF] or introducing a controlled permeable formwork (CPF) [START_REF] Kothandaraman | The effect of controlled permeable formwork (CPF) liner on the surface quality of concretes[END_REF]. This liner allows the air and water trapped inside to drain or seep out from the concrete surface while retaining small particles and cement.

The polarization technique consists of applying an electrical current between the reinforcement (anode) and the metal formwork wall (cathode). Based on the widely accepted Gouy-Chapman-Stern's theory [START_REF] Camberfort | Electro-osmose et consolidation électro-chimique des argiles[END_REF][START_REF]Designing and perfecting a tribometer for the study of friction of a concentrated clay-water mixture against a metallic surface[END_REF], the cement grain surface carries electrical charges that are in electro-neutrality with ions in the pore solution (i.e. an electrical double layer). Under the action of an external electric field, this double layer moves along the wall in a direction that depends on the sign of the surface charge. The water is then transported in the double layer motion (i.e. anode to cathode). The displaced water creates a film capable of forming a separator screen between concrete and formwork, thus facilitating formwork removal. A number of chromatography tests have been performed to ensure the absence of any risk of transporting dissolved ions, since such transport could disrupt the polarization-related hydration reactions.

In order to avoid possible concrete stripping or fouling of the formwork walls, the quantity of water required to produce this film must be in appropriate supply. Studies conducted by Goudjil et al. have shown that the quality of facings depends on: the quantity of water transported to the concrete/wall interface [START_REF] Goudjil | Electro-osmosis applied for formwork removal of concrete[END_REF], the ambient temperature [START_REF] Goudjil | Impact of temperature on the demoulding of concrete elements with a polarization process[END_REF], and the electrical conductivity of the concrete, which is an intrinsic characteristic of the material. As a complement to previous studies, the present article focuses on this conductivity, which varies as a function of the concrete mix design. This paper proposes studying the water flow from polarized self-compacting concretes (SCC) and conventional concretes by using an experimental device specially designed for such tests, so as to optimize both the demoulding conditions and facing quality. The popularity of SCC is in fact likely to be enhanced thanks to the improved facing quality. The parameters influencing facing quality, demoulding and facing optimization have been assessed using molds sized 300×300×200 mm at various temperatures. This process was then applied on molds sized 1×1×0.2 m before to transport it in situ onto a 2.8-m high formwork. The scoring criteria for concrete facings and the mold wall selected for purposes of this study are: dusting, fouling, and attachment points [START_REF]Surface et parements de béton -Eléments d'identification[END_REF]. For the concrete facings, appearance, dusting and micro-bubbles have all been evaluated. Our work has served to prove that this demoulding process offers the possibility to forgo use of oil products.

Material and methods

Mixtures proportioning

Three mix designs commonly used for concrete wall elements, with consistencies of S3, S4 (plastic concrete) and SF2 (self-compacting concrete), are listed in Table 1. Concrete NC1, which relies on a CEM III-based design, is only used during hot weather periods given its low heat of hydration. During the remainder of the year, concrete designs are typically based on CEMI. The setting initiation times of CEMI and CEMIII are respectively 140 and 230 minutes.

A CEMI 52.5 N for the SCC concretes and a CEMIII/A 42.5 N for the NC1 and NC2 mixtures were selected with a Blaine fineness of 410 m²/kg and 420 m²/kg, respectively. The chemical and physical characteristics of the cements are given in Table 2. A limestone powder was introduced to replace a portion of the Portland cement clinker for the SCC mixture. For the NC mixture, pulverized fly ash was added to the mix, in consideration of the effect of its round shape on improving workability. For both concretes, riverbed siliceous sand with a fineness modulus of 2.50, a water absorption rate of 0.7% and a specific gravity of 2.59 was used. Two siliceous-based coarse aggregates 4/12.5 and 11.2/22.4 were employed, with a specific gravity of 2.54 and water absorption rates of 2.54% and 0.7%, respectively.

A lignosulphonate polymer, characterized by a specific gravity of 1.21 and a 40% solid content, was introduced as a water-reducing agent into the NC1 mixture. A high-range, waterreducing admixture (HRWRA), specially adapted for SCC workability, was also selected. This particular HRWRA is a polycarboxylate-ether based superplasticizer with a specific gravity of 1.05 and a 22% solid content. A chlorine-free setting and hardening accelerator was added to both mixtures in order to offset the effects of lower temperature, i.e. between 6° and 9°C at the study site, by increasing the rate of cement hydration.

Preliminary tests were performed in the laboratory on molds of dimensions 300×300×200 mm to optimize the electrical current at low temperature. All mixtures were prepared in batches of 45 liters using a DIEM DZ 120V type mixer with a 100-liter capacity. The absorption of water necessary for cement hydration by the aggregates could potentially cause a modification in the rheological characteristics of the concrete. To avoid such an alteration, a 10-min wait time (for prewetting) was required after the initial mixing phase (applied to gravel and dry sand with a quarter of the mixing water quantity). The mixing sequence employed is presented in Fig. 1.

At the end of the mixing sequence, the concretes were sampled to determine slump consistency, unit weight and temperature. The ambient temperature was maintained during mixing and sampling at 20±2°C. Both the plastic viscosity and dynamic yield stress were determined with the ICAR rheometer [START_REF] Koehler | Development of a portable rheometer for Portland cement concrete[END_REF]. These results are provided in Table 3.

For concrete hydration reactions to undergo as little disturbance as possible, polarization must be initiated before the end of the latent period, which means before cement setting has begun.

For this purpose, tests were conducted to characterize the hydration kinetics.

Concrete setting time

The starting time of chemical setting was determined using an isothermal calorimeter coupled with a CDM210 type conductometer/resistance meter (Fig. 2) [START_REF] Goudjil | Impact of temperature on the demoulding of concrete elements with a polarization process[END_REF]. This set-up consisted of a sample holder composed of two regulated exchangers that, once assembled, accommodated an isothermal cylinder able to hold a 110×220 mm cardboard specimen covered on the inner surface with a plastic film [START_REF] Broda | Conception of an isothermal calorimeter for concrete -Determination of the apparent activation energy[END_REF]. The temperatures are measured by T-type thermocouples incorporated in the flux sensors and by a thermocouple placed in the core of the concrete. In this way, it is possible to check the quality, of the isothermal conditions. Two pumps connected to a thermostat-controlled bath maintain the liquid (water) at a constant temperature.

The NC1 and NC2 concretes (whose temperatures varied from 18° to 21°C for tests carried out at 20°C and between 6° and 9°C for those conducted at 8°C) were introduced into the cardboard specimen in two layers. To ensure proper consolidation of these two concretes, each layer was compacted 25 times [START_REF]Bétons -Exécution des structures en béton -Règles spécifiques pour les BFUP[END_REF].

Conductivity was monitored by a probe inserted into the middle of the specimen, with a 5minute recording interval set. The results obtained are displayed in Fig. 3. Two periods characterize each of the three concretes tested:

-The first, during which conductivity was observed to increase due to the dissolution of cement anhydrates in the concrete pore solution, corresponds to the latent period.

-The second, during which conductivity was decreasing, lies beyond the end of the latent period, i.e. corresponding to the time when setting begins: the quantity of calcium ions was sufficient for precipitation to occur, hydration reactions were accelerating rapidly, and ions were thus being consumed to form hydrates, lowering conductivity in the process.

The values of both conductivity and setting initiation time for the three mix designs are presented in Table 4. At 8°C, like at 20°C, all three concretes exhibited different conductivities as well as different setting initiation times, with deviations less pronounced between NC2 and SCC mixtures. These results are widely demonstrated in the literature. The conductivity of NC1 mixture was in fact lower than that of NC2 and SCC mixtures, and its setting initiation time was longer. This difference is correlated with the mix design, in noting that the NC1 mixture was based on CEMIII (45% clinker) and the other two on CEMI (90% clinker). The proportion of clinker, whose main component C3S (an element fundamental to hydration reactions) was higher in NC2 and SCC mixtures, would have been responsible for advancing their setting initiation and increasing their conductivity value.

Let's note that regardless of the mix design, the conductivity of any given concrete was greater at 20°C than at 8°C. This phenomenon is due to the decrease in both ion concentration and mobility upon the occurrence of hydration reactions, resulting from the temperature drop [START_REF] Heikal | Effect of treatment temperature on the early hydration characteristics of superplasticized silica fume blended cement pastes[END_REF][START_REF] Morsy | Effect of temperature on electrical conductivity of blended cement pastes[END_REF]. More specifically, lower temperature triggers a deceleration in the hydration reactions [START_REF] Vanhove | Effect of temperature on the thixotropic behaviour of self-consolidating concrete[END_REF] and, consequently, reduces the conductivity value.

For all concretes studied and at each temperature setting, the current is applied during the latent period, i.e. 1 hour after the initial water/cement contact.

Test protocol and measurement

The formwork removal tests were preceded by a study of water flow in fresh concrete subjected to the polarization effect, based on mix designs at two ambient temperatures (20°C and 8°C). For this purpose, the test setup (Fig. 4) featured an insulated cylindrical mold made of PVC (120×160 mm) intended to receive the concrete, along with an electric generator, a data acquisition chain and a scale. The mold contained two covers, one made of wood the other in stainless steel and equipped with a water outlet orifice. A perforated disc (80-μm mesh), fitted with a paper filter, was placed in the stainless-steel cover in order to filter the transported water. To verify the repeatability of results, three identical molds were used simultaneously under the exact same conditions (Fig. 4).

NC1 and NC2 mixtures were poured into the molds in three successive layers. Each layer (NC1 and NC2) was punctured 25 times in accordance with Standard NF P 18-451 to obtain optimal compaction. After placement of the first layer, a steel rod 60 mm long and 6 mm in diameter was set into the concrete at 100 mm from the perforated disc. The remainder of the concrete was then introduced into the mold in two layers. The steel rod was connected to the generator's positive pole (anode) and the disc to its negative pole (cathode). Voltage values above 8 V caused a modification in the concrete microstructure [START_REF] Goudjil | Electro-osmosis applied for formwork removal of concrete[END_REF]. Moreover, at a relative high voltage, e.g. from 5 to 10 V, porosity was even greater than in the absence of an electric field [START_REF] Bian | Influence of electro-osmosis to concrete demoulding on its properties[END_REF]. Voltages of 1, 2.5, 3.5 and 5 V were thus selected for this study. During each test, the voltage was applied simultaneously to all molds. Recording of the displaced water mass, which lasted 10 min (the optimal polarization period, as determined by N. Goudjil et al. [START_REF] Goudjil | Impact of temperature on the demoulding of concrete elements with a polarization process[END_REF], began after placing the concrete into the molds, i.e. 10 min after the initial water/cement contact.

The water recovered in each mold represented on each occasion the sum of the quantity of water transported by electro-osmosis plus that conveyed by gravity. This latter component, determined ahead of time (without any voltage being applied), was deducted from the total mass to determine the mass of water transported by means of electro-osmosis. The water flow rate could thus be determined.

To study the impact of mix design on both formwork removal and facing quality, stainless steel molds sized 300×300×200 mm were used to avoid any formwork wall corrosion (Fig. 5).

Each formwork removal test required a concrete batch whose temperature varied between 7° and 9°C for tests conducted at 8°C and between 18° and 22°C for those at 20°C. The concretes were placed according to Standard NF 18-451 in two successive layers [START_REF]Bétons -Exécution des structures en béton -Règles spécifiques pour les BFUP[END_REF]. Except for the SCC mixture, each layer was vibrated for 5 s. The electrical current was then applied between the H-shaped rebar of 6 mm-diameter (positioned 100 mm from each of the two walls) and the two opposite walls of the mold.

As a result, the water migrated toward the concrete/formwork interface and formed a film capable of ensuring effective formwork removal (Fig. 5). To improve the concrete facing quality and formwork demoulding, Goudjil et al. [START_REF] Goudjil | Impact of temperature on the demoulding of concrete elements with a polarization process[END_REF] recommended using a voltage value of 3 V at 8°C when electrical conductivity was weak (2.66 mS/cm). A voltage value of 1 V offers good surface quality without fouling or dusting when the conductivity value lies around 6.6 mS/cm.

For the NC2 and SCC mixtures, the electrical conductivities equaled 6.8 and 6.69 mS/cm, respectively, at a temperature of 8°C. These values lie close to that of the NC1 concrete at 20°C (6.6 mS/cm), which is why a 1-V voltage was selected for both these concretes at temperatures of 20°C and 8°C for 10 minutes, 1 hour after the initial water/cement contact. A 3-V voltage was selected for the NC1 mixture at 8°C due to its electrical conductivity, recorded at 3.83 mS/cm (Table 4).

After demoulding, two hours were necessary to dry the concrete facing and remove all traces of moisture. The following parameters were assessed as a means of characterizing the quality of formwork release (Table 5). It should be noted that the grading criteria adopted to evaluate facing quality were based on Standard P18-503 [START_REF]Surface et parements de béton -Eléments d'identification[END_REF] and have been listed in Table 6.

Results and discussion

Optimization of applied voltage

During the first phase, pore water migration was studied on the NC1 and NC2 mixtures at 8° and 20°C as a function of applied voltage. The electrical conductivity of the SCC mixture was of the same order of magnitude as that of the NC2 mixture at 8°C and above the value recorded at 20°C (Table 4). For both temperatures tested, independently of the two mix designs, the increase in applied voltage produced a rise in water flow rate (Fig. 6). The higher number of displaced ions wound up inducing an increase in the quantity of transported water.

For a given voltage, again regardless of mix design, the water flow rate at 8°C was lower than that obtained at 20°C. The conductivity of all concretes was less at 8°C than at 20°C (Table 4). The decrease in conductivity induced a smaller number of displaced ions, thus lowering the water flow rate. Let's note that the temperature influencing conductivity also exerted an effect on concrete viscosity and, therefore, on the electro-osmotic flux. For temperatures below 20°C, the concrete viscosity actually increased as temperature dropped, bringing the electro-osmotic flux down as well [START_REF] Vanhove | Effect of temperature on the thixotropic behaviour of self-consolidating concrete[END_REF][START_REF] Escalante | Effect of temperature on the hydration of the main clinker phases in Portland cements: part II, blended cements[END_REF][START_REF] Paumier | Nanoscale actuation of electrokinetic flows on thermoreversible surfaces[END_REF].

At 20°C, like at 8°C, the electro-osmotic flow rate of water with the NC1 mixture was greater than that of NC2 mixture. Given its weak conductivity (Fig. 3), NC1 mixture should (compared to NC2) enable less water to be transported. Yet in reality the opposite phenomenon was observed; this situation was most likely due to the presence of a large number of fine components in the NC1 mixture (Table 1), thus promoting electro-osmosis.

Such an effect was present as well in the SCC mixture. The electrical potential, or zeta potential, might also have been responsible for the higher electro-osmotic flux with the NC1 mixture. In light of the differences observed in hydration speed, the CEMIII cement used to produce the NC1 mixture did display a more highly negative zeta potential than that of the CEMI cement introduced into the NC2 mix design [START_REF] Amiri | Influence of cement, aggregates and chlorides on zeta potential of cement-based materials[END_REF]. Moreover, this difference could explain the rise in electro-osmotic flux of the NC1 mixture relative to NC2 mixture.

Preliminary tests were thus conducted on the NC2 mixture at 8°C using the initially selected 1-V voltage, along with a slightly higher voltage (1.5 V) (Fig. 7). The voltage was applied for 10 minutes once an hour had elapsed following the initial water/cement contact. For the 1-V voltage (Fig. 7a), concrete stripping was observed subsequent to formwork removal. The electro-osmotic flux was too weak to obtain sufficient water thickness at the concrete/formwork interface. Application of the 1.5 V voltage upgraded the formwork removal without concrete stripping and produced a high-quality concrete surface (Fig. 7b).

Let's point out however a fouling of the mold surface, which proved detrimental to the formwork, though could easily be cleaned.

During the remainder of the testing campaign, a 1.5 V voltage was selected for the NC2 and SCC mixtures at 8°C. A 3 V voltage was adopted for the NC1 mixture at 8°C given its weak electrical conductivity.

These tests served to demonstrate that regardless of the applied voltage, the electro-osmotic flux and hence the quantity of transported water varied with respect to both temperature and concrete mix design. Formwork removal testing made it possible to determine whether these selected voltages exerted an influence on the quality of formwork removal and facings.

Facing wall aesthetics at a temperature of 20°C

The photographs of facings taken after formwork removal are shown in Fig. 8, while Table 7 summarizes the notations used for all three mix designs studied herein.

The formwork removal step was straightforward and exposed facings with an attractive appearance. The high yield stress of the NC2 mixture would have caused the occurrence of air bubbles present on the concrete walls. The mold walls, on the other hand, exhibited not a single trace of stripping or fouling across all concretes tested. Dusting had also been detected on the SCC mixture, as evidenced by whitish streaks (residue of lime stemming from the hydration and then transported with the water) [START_REF] Viallis | Interaction between Salts (NaCl, CsCl) and Calcium Silicate Hydrates (C-S-H)[END_REF].

It should be noted that the difference in conductivity values and thus in the quantities of water accumulating at the concrete/formwork interface of the various concretes had absolutely no impact on facing quality. At 20°C, the same polarization conditions were applicable to concretes featuring distinct mix designs.

Facing wall aesthetics at a temperature of 8°C

Figure 9 reveals the photographs of facings obtained after concrete formwork removal. The pertinent notations are given in Table 8. Application of a 3-V voltage for the NC1 mixture yielded an appearance of facings and mold walls free of any attachment points. The quantity of water transported at the concrete/formwork interface was thus sufficient. A 3-V voltage was more appropriate for a concrete electrical conductivity on the order of 4 mS/cm. An increase in this voltage could lead to modifying the microstructure [START_REF] Goudjil | Electro-osmosis applied for formwork removal of concrete[END_REF][START_REF] Goudjil | Impact of temperature on the demoulding of concrete elements with a polarization process[END_REF]. On the other hand, a voltage drop can entail concrete stripping following formwork removal.

Both the NC2 and SCC mixtures displayed high-quality facing without any attachment points on the mold surface. Dusting was present however on the mold surface for the two concretes, as previously observed for the SCC concrete at 20°C. These hydration-induced lime residues were easily cleaned upon formwork removal. Let's also note for the NC2 mixture a slight bubbling along with a few extremely dispersed compaction voids, most definitely correlated with the comparatively high yield stress. Air bubble mobility and, consequently, the ease of air bubble discharge during vibration actually decreased as yield stress rose.

Despite its ease, formwork removal exposed, against all expectations, fouling on the concrete surface for the NC2 mixture. At the time of formwork removal, the aging of concretes NC2 and SCC mixtures (designed using CEMI) was more advanced than that of NC1 mixture (made with CEMIII). The film thickness, which provides for effective formwork removal and high-quality facings, might therefore have been less than that for the NC1 mixture.

Even though the voltage values had been adapted to the electrical conductivity of the concretes tested, other mix design-related parameters (e.g. zeta potential and cement paste volume) also need to be considered. It is thus critical to consider the concentration of ions present in the transported water subjected to the polarization effect.

Chromatography analysis of water migration

Transporting water under the polarization effect may be accompanied by the transport of dissolved ions during hydration reactions. This phenomenon would then cause the concrete to leach. To ensure the absence of such a risk, ion chromatography tests on the water being transported were conducted under optimal conditions. A Metrohm 883 Basic IC-Plus chromatograph, equipped with a conductivity detector, was used to determine both the anions (fluorine, chlorine, bromine and sulfur) and cations (sodium, lithium, potassium, calcium and magnesium) in the concrete pore solution. These tests were performed in the MIA Laboratory at the University of La Rochelle. The pore solution was extracted from concrete using a filter-press apparatus. The solution was then placed in a 4-mm diameter, 100-mm high cylinder. A pressure of 5.5 MPa was applied to force the mobile phase through the column at typical flow rates of 0.7 ml/min. The results of concentration (Ci) and electrolytic conductivity (k) obtained from the NC mixture by means of chromatography are reported in Table 9.

This characterization of the concrete pore solution can be compared with the water transported by polarization at the concrete/formwork interface. The absence of any risk of transporting dissolved ions, capable of disrupting polarization-related hydration reactions, could thus be assessed.

Results indicate that regardless of the concrete mixture, the ion concentration present in the water being transported under the effect of polarization was of the same order of magnitude as that found in the concrete pore solution. These results provide the grounds for concluding that the risk of concrete leaching has been averted.

In situ testing

Once this technique had been developed in the laboratory on molds of dimensions 300×300×200 mm, it was subsequently applied on a formwork measuring 1×1×0.2 m [START_REF] Goudjil | Electro-osmosis applied for formwork removal of concrete[END_REF] and ultimately at full scale (2.4×2.8×0.2 m) in a concrete-mixing plant (Fig. 10) for the purpose of observing the scaling effect. Two K30 formworks, supplied by the company Outinord and regularly implemented on worksites to cast vertical elements, were used in the concretemixing plant. Each formwork was composed of two stainless steel form panels vertically connected by means of two insulated end pieces (covered by a plastic film).

The reinforcement was an HA ST20 placed at the center of the formwork (100 mm coating layer) in order to study the most unfavorable case (Fig. 11). The voltage was applied simultaneously between the latticework and the upper part of walls opposite the formwork.

The concretes employed on the worksites were identical to those studied in the laboratory (Table 10). To enable casting each wall with the same batch, a sufficient quantity of concrete (1,500 liters) was produced at the time of each test. The mixing mode was the same as that practiced at the mixing plant and compliant with Standard NF 033, referred to as "ready-mix concrete".

All material ingredients were poured into the mixer before adding the water and admixture.

The mixing step lasted approximately 1 minute. Once produced, the concretes were characterized relative to their consistency: Abrams cone slump tests for the NC1 and NC2 mixtures, and a spreading flow test for SCC mixture. These characteristics, along with the corresponding experimental conditions, are indicated in Table 10. The concrete was then poured from the top, for both concretes, using a 1-m 3 bucket fitted with a sleeve tube. Various 0.5-m concrete layers, with a maximum concrete falling distance of 1 m, were produced; vibration was applied for the conventional concrete.

The formwork and concrete walls were separated for 24 hours and 20 hours, respectively, once the concrete had been cast for NC1, NC2 and SCC mixtures. This test was conducted at temperatures of 8±2°C (detrimental conditions for the electro-osmosis technique) and 20±3°C.

Table 11 provides the scores assigned to concrete facings and the formwork wall, as determined from French standard criteria. Figure 12 shows pictures of the concrete facing and formwork surface after demoulding for NC1 mixture.

For the NC1 mixture, the formworks were easily removed, thus yielding satisfactory facing quality. For the conventional concrete, the criteria were in general completely satisfied with no sign of attachment points. The water film thickness was enough to ensure separation between the concrete element and the formwork; however, a few traces of water stemming from polarization did leave a very slight fouling on the formwork wall after evaporation. The implementation step had caused no segregation, disorganization or porosity.

The second test was carried out with the NC2 mixture at an ambient temperature of between 3° and 6°C, i.e. less than the lowest temperature tested in the laboratory (8° ± 2°C). The formwork was removed 24 hours after casting. The photographs of shell facings and formwork walls are provided in Fig. 13. Heavy concrete stripping and poor facing quality were observed. This stripping was due to an insufficient quantity of water being transported at the concrete/formwork interface and/or to an insufficient concrete curing period, the latter of which would be correlated with the slowing of hydration reactions caused by the low temperature, thus inducing a drop in the concrete conductivity value. This value would no longer lie within the conductivity interval determined during testing on the effect of conductivity with respect to the concrete mix design. It would have been possible to increase the voltage value, yet by not knowing the conductivity value, the choice of which voltage to apply had to be random. A low conductivity value complicates the penetration of water into concrete. Regardless, a higher voltage would not necessarily have solved the problem. To derive the voltage value most likely to yield good results, it's essential to know the concrete conductivity value at the test temperature, wherein lies the need to conduct preliminary tests in the laboratory.

The third wall was cast with self-compacting concrete (SCC); its placement did entail a few difficulties. More specifically, during placement of the first concrete layer in the formwork, the bin could not be properly shut, which caused the entire concrete batch, i.e. the equivalent of approx. four layers, to fall. So, this concrete was cast using just two layers (one of roughly 2 m, the other of 500 mm) (Fig. 14).

The test was performed at a temperature ranging between 6° and 9°C. The optimal conditions identified in the laboratory for this particular concrete, i.e. at a temperature of 8° ± 2°C, were thus applied. Photographs of the results obtained are presented in Fig. 15.

With self-compacting concrete (SCC), the formwork surface received the same scores as the conventional concrete for both fouling and attachment points. The small increase in dusting was probably due to the quantity of fines in the mix. This dusting had also been observed when using demoulding oil (vegetable or mineral oil) [START_REF] Caro | Influence of the nature of the demoulding agent on the properties of the formwork[END_REF][START_REF] Libessart | Influence of the type of release oil on steel formwork corrosion and facing Aesthetics[END_REF]. As regards the concrete facing, the appearance was very good with no dusting on the surface. However, the quantity of bubbling was high, especially over the bottom part of the concrete wall (Fig. 15). 'Microbubbling', as defined in the standard, was not really applicable here, hence the difficulty in establishing a score. This phenomenon can be tied to the concrete casting process.

The concrete was in fact poured over two levels, and the concrete descent was considerable (more than 1 meter). Some bubbles could be trapped both at the interface and inside the SCC mixture, despite its low plastic viscosity and yield stress. This same experiment was carried out in the laboratory on formwork measuring 300×300×200 mm at the same temperature; in this case, the concrete surface displayed no bubbling.

Given these observations and visual comparisons of the facing parameters, the polarization technique presented herein has produced highly satisfactory results at low temperatures.

Overall, the results are encouraging. The formwork was straightforward to remove, and the facings were of high quality. No trace of stripping was visible on either the shell facing or formwork walls. Nonetheless, considerable bubbling was detected on the concrete walls, most likely correlated with concrete placement and the presence of dusting on the formwork walls. This dusting on formwork walls did make cleaning necessary, using water and a soft brush, after each use.

Conclusions

This study has primarily examined the impact of mix design on the quality of facings and formwork removal. The technique presented herein was found to be perfectly transposable to the worksite. The optimal polarization conditions determined in previous studies have been tested here with various mix designs and readjusted whenever necessary. The formwork removal tests have demonstrated that at 20°C, slight deviations in the quantity of water transported exert absolutely no influence on facing quality. The same voltage value (1 V) has, for all mix designs tested, resulted in a satisfactory quality of both the facings and formwork removal. At 8°C, it's essential to conduct preliminary test to adapt the voltage value according to the electrical conductivity. As seen on site with the NC2 mixture, a decreasing of the temperature (compared to the preliminary tests) can entail some problems to remove the formwork successfully and achieving high-quality facings.

Chromatography tests did make it possible to ensure the absence of any leaching risk due specifically to polarization. It was found that conductivity is not the lone parameter to be considered in the determination of optimal conditions. Other mix design-related parameters (e.g. cement paste volume, zeta potential) must also be considered. Upon completion of this 
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Table 4

 4 Setting time and electrical conductivity values of concrete mixtures at 8 and 20°C

	Mixture	Setting time at 20±2°C	Setting time at 8±2°C	Conductivity at 20±2°C (mS/cm)	Conductivity at 8±2°C (mS/cm)
	NC1	2h25	2h35	6.60	3.83
	NC2	2h15	1h45	7.52	6.80
	SCC	2h	1h30	8.20	6.99
	*Conductivity value measured at the start of the setting time	

Table 5

 5 Codification used to evaluate the demoulding performances

Code

Concrete facing Code Mould surface

study, it can be concluded that the research performed has provided the basis for using this new formwork removal process with various concrete mix designs at different temperatures. 
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