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INNOVATIVE ROAD COATING: AN ORIGINAL SOLUTION TO IMPROVE SAFETY AND DURABILITY OF CONCRETE PAVEMENT

This paper deals with an innovative and sustainable pavement structure offering safety, comfort and durability while ensuring an attractive initial and life cycle cost. This solution is a result of a 3 years extensive research and development undertaken by the LafargeHolcim Research Center since 2014. The new structure is composed of a conventional concrete layer offering required structural capacity and an ultra-thin wearing course providing high standards in terms of safety and riding comfort in addition to aesthetic possibilities (color choices). This new structure will allow road management authorities to save structural maintenance costs over pavement service life. In terms of composition, the innovative wearing course is made of very thin semi-porous polymer modified cement concrete layer placed (wet on wet) on an optimized concrete layer. The top layer has showed very promising results in terms of mechanical performance and durability, i.e. flexural strength, scaling resistance and resistance to raveling. In terms of riding comfort, this innovative wearing course has shown to be efficient in terms of noise absorption, skid resistance and drainage. The whole structure was found to be cost competitive when compared to equivalent rigid and flexible structures under same traffic conditions. The accelerated pavement testing (FABAC), carried out with Ifsttar Nantes, has shown a very good performance of this solution. At the time being, the mechanical performance and the surface quality are still maintained in perfect condition after 5 millions of cycles of 6.5 tons semi-axle, which corresponds to more than 20 years of traffic (500 heavy trucks passing per day).

INTRODUCTION

Context

Actual wearing course in asphalt offers flexibility, reactivity, and comfort for road users. Asphalt industry has been progressing over the last 20 years and offers now a huge range of solutions addressing noise, roughness, drainage, porosity, visual comfort and safety distances. While the trend in modified bitumen is clearly in favour of elasticity with all PMB (polymer modified bitumen) applications, conventional rigid pavements are not offering a lot of varieties. Some progress has been done recently, by American and European research programs as (FHWA, 2006), (ACPA, 2009), (Silvia, 2005). The results are promising, in terms of skid resistance, evenness improvements and also in terms of noise and polluting air emission reducing, but their application are still limited as the use of concrete pavement is still behind asphalt offers.

We can list some main historical obstacles to concrete pavements developments as:

 high initial price of the investment,  perception of the end users in term of comfort, safety due to the problem of jointing and quality of the surface,  hardening time and lack of flexibility increase the obsession on traffic organization for the road authorities,  industry awareness on the concrete manufacturing, jobsite preparation and concrete placing then curing.

The concrete pavement may definitely become competitive with asphalt pavement with a lower cost for the maintenance during its service life. In terms of economic, the initial construction cost will no longer be the major factor but the maintenance costs including the economic loss of traffic jams due to maintenance work need to be considered (FEHRL, 2008). The impact on road maintenance budget is massive. In general, mature countries are spending in maintenance yearly amounts between 0,2 % to 0,4 % of their GDP. Those massive amounts are not strictly maintenance but come also form the need to reinforce gradually the structure, as it gets damaged. This raises the time life, and involves road management authorities into permanent asphalt dependence. Furthermore, the bitumen prices raise for a long time drove asphalt roads to be now often more expensive at construction costs than concrete ones. The recent fall of bitumen prices makes road authorities difficult to take a long terms decision for their future construction.

Objectives

The aim of this 3 year project (2014-2017) is to address the development of an innovative coating, in order to offer:  a durable complete solution with concrete structural capacity,  expected standard in terms of comfort and safety,  technical innovations as color choices, easy placing.

This new wearing course aims to offer an interface between the structural function and the user perception. It will allow road management authorities to benefit from concrete economics of a rigid pavement:

 equivalent costs at construction level  no structural maintenance over the life time, (only surface maintenance, to be assessed).

Technically, by comparison to existing solutions for both flexible and rigid pavements, the characteristics that the innovative wearing course might have are as follows:

 since this course will not play the structural rule, when it is well bonded to the subbase, the thinner it is, the less stress appears in the course. Furthermore, with the economic reason, the thickness of this course must be from 2 to 4 cm,  to respect the thickness, the Dmax of aggregate cannot be bigger than 10 mm,  the concrete has to have a good mechanical strength (at least 8 MPa at 28 days as flexural strength…) to ensure the service life of the course versus the loading of the traffic (ravelling, cracking in the case where the bonding strength between two layers decrease with the time),  this course must have a skid resistance comparable to the existing solution, as the very thin asphalt concrete (BBTM in French). It is mostly influenced by the texture (micro and macro) of concrete, which is governed by the aggregate skeleton (in quality and grading)  in order to maintain the longevity of the course, it is preferred that this layer will work in compressive mode under the loading of vehicles because the tensile strength of concrete, even though it can be improved by the special binders, is much lower than the compressive strength. Thus, this wearing course has to have a good bonding strength to concrete subbase, at least 0.5 MPa by pull-off test, recommended by (NCPTC, May 2014),  this innovative course must be environment friendly and gives a large aesthetic choices to applicators,  the noise reduction must be comparable to that of very thin asphalt concrete BBTM. This is related to the texture and structure (including open porosity and matrix stiffness) of the concrete,

 it must be competitive with the others existing solution such as asphalt pavement with a very thin asphalt concrete,  the innovative material should be more durable than that of BBTM without ravelling, rutting or scaling during its service life.

METHODOLOGY

The properties of the polymer modified cement concrete (PMCC), used for the wearing course, were studied in the first stage, as mechanical behaviour as 3-point flexural strength, compressive strength and the durability (bonding strength with the support, scaling). Then, some properties concerning road application as noise absorption was also investigated.

In the second stage, the mixed structure of 2-lift pavement (polymer modified concrete on conventional concrete) was tested under the real traffic. The Accelerated Pavement Testing FABAC of Ifsttar Nantes (The French institute of science and technology for transport, spatial planning, development and networks) was chosen. After certain number of loading cycle, the levelness, skid resistance and cracks were measured in order to survey the durability of the road under the traffic.

RESULT AND DISCUSSION

3.1. Laboratory tests 3.1.1.

Mechanical strength

The strength of concrete containing different families of polymer was measured by the 3-point flexural test and compressive test on the prisms of 4 cm x 4 cm x 16 cm. The surface used in the mechanical tests was the top surface which was not in contact to the mold surface.

The Figure 1 shows that the mechanical strength of concretes, at a constant rheology, is so different, depending on the type and dosage of polymer. In general, polymer improves the flexural strength of concrete (up to 40 % compared to the control concrete without polymer). Otherwise, the influence of polymer on the compressive strength needs to be studied further, in the context that it can enhance or reduce the latter.

Scaling resistance

Figure 1-influence of polymer type on the mechanical strength of concrete

The influence of polymer on the resistance to scaling of concrete was also studied with 2 different families: an acrylic acid ester copolymer which showed very efficient to improve the flexural strength and classically recommended polymer for concrete, Styrene Butadiene emulsion.

The scaling test used the most severe method, developed by LCR, in which the pervious concrete is submerged in salty water containing 3% of NaCl and suffers the freeze-thaw cycles (cf. Figure 2) until the complete failure.

Figure 2 -a 24 hour freeze-thaw cycle used for scaling testing.

The polymer pervious concretes performance is compared to that of classical pervious concrete which was being tested at the same time.

The classical pervious concrete used a crushed aggregate 6/10 mm within cement paste volume of 160 liters for a Water/Cement ratio of 0,34.

Figure 3 -scaling results and comparison with a classical pervious concrete.

The figure shows that polymer can help to improve the scaling resistance of pervious concrete. In the case that we need the Innovative Coating resist to the scaling, we shoud add the polymer in the concrete.

Bonding strength

In order to maintain the good function of each layers in the double lift pavement system, the bonding strength of the PMCC layer on the top to the conventional concrete has to be high enough, a direct tensile strength from 0.5 MPa to 2.5 MPa, obtained by the pull-off test (NF EN 1542 standard), is considered good enough as recommended by (NCPTC, May 2014).

In this study, the concretes (with and without polymer) were batched on a fresh RCC. The minislabs of 30x40 cm were casted with 5 cm of compacted RCC and 4 cm PMCC on the top. The concretes were then compacted by the vibrating hammer.

Figure 4 -bonding strength with bottom concrete.

The results from the Figure 4 shows that:  in the wet/ wet mode, the concretes have a very good bonding strength in every configuration of placing (more than 2.5 MPa). It does not need a tack coat because the strongest bonding obtained is without the tack coat. It seems that the tack coat addition creates a supplementary link in the composite system which increases the possibility of failure during the testing,  the polymer added into the concrete has no significant improvement in the bonding strength compared to the conventional concrete.

Noise absorption

The noise absorption of PMCC was measured by an impedance tube according to ISO 10534-2, realised by Matelys laboratory (Matelys, 2016). This device (see Figure 5) is usually used to measure the acoustical absorption in a frequency range between 250 Hz to 2500 Hz * of the construction material including road material as asphalt concretes.

Figure 5 -impedance tube used for acoustical absorption measurement, developped by ENTPE, France.

In this study, 2 gradations (a 2/4 mm and a 4/6 mm from Rivolet quarry) were used to design 4 types of PMCC with 2 different level of voids content. More information about the concretes' recipes and their mechanical strength are described in the The samples used in the test are presented in the following pictures : * PERS is a pervious mixing mixture of more than 20% of voids, obtained by mixing the rubber aggregate with a polymer binder as the epoxy. The noise absorption efficiency of this material has been proved during the 6 year European research project PERSUADE.
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Figure 8 -noise absorption of PMCC comparison with those of PERS and of porous asphalt concrete.

Some remarks are raised from this figure:

 the concretes made with coarser aggregate are better in terms of noise absorption, which may be comparable to the most efficient PERS or porous asphalt concrete,  the F3 is the most efficient in the "road" frequency range with a very good mechanical strength (at 28 days). However, its bonding strength testing is necessary since the concrete has generally less contact points to the concrete support than the finer aggregate concrete. Its skid resistance due to a bigger macro texture and its resistance to ravelling need to be further studied as well,  the results of F4 are very scattered due to the segregation of the cement paste, result of a high cement paste volume (210 liter) at high W/C ratio (0.47),  as a result, an empirical model was built in order to predict this property of PMCC from the parameters measured carried out on the samples. This model can be used to explain the mechanism of dissipation of noise in the concrete. However, the micro structure of concretes, which is linked to the mix design parameters, need to be investigated in order to have a more accurate model,  however, if reducing of noise generation is needed, both the macro texture (negative or positive surface) and the elasticity of the wearing course would be taken into account (FHWA-IF-08-004, 2007) where is necessary to do a real measurement with passing vehicles (type CPX test).

Accelerated Pavement Testing with FABAC

The Accelerated Pavement Testing machine of Ifsttar, called FABAC, was used to test the behavoir of pavement made of innovative coating under the real loading condition. The pavement will receive cyclic load of a 65 kN haft-axle of twin wheels with loading speed of 1 m/s. The structure composed of 20 cm of conventional concrete C30/37 type S1, overlaid by 3 cm of PMCC, all placed on an unbound aggregate layer 0/31.5 of 10 cm. In the loaded area, two undoweled transverse joints espacing 50 cm were created. Filled by an elastomer product, these specific areas allows studying the degradation of concrete arround the joints under the vehicle passing.

The test was ended at 5 million load cycles, which corresponds to 21 years of traffic within 500 heavy lorry per day per lane, according to French Pavement Design method.

Visual aspect with transverse profile measurement

The photos were taken after 1 and 5 million of loading cycles. They show that there was no damage around the joints caused after 5 million passing of vehicles. The levelness of the pavement was also followed, by the transverse profil measurement. The results taken from 25 cm before the first joint showed that the pavement and also the PMCC have no rutting problem after a long period charged by heavy trucks.

Skid resistance

The surface quality of the pavement was characterised by the Skid Resistance Tester (English Pendulum Test -EN 13036-4) and the Dynamic Friction Test (ASTM E 1911). The results show that, after 5 million load cycled, the surface was polished but still in acceptable condition for the traffic, by maintaining a good adherence for the vehicles.

CONCLUSIONS AND PERSPECTIVES

A PMCC was developped for the concrete pavement coating. The laboratory studies confirmed that the innovative material can be used as the wearing course of rigid pavement without any problem.

The experimental slab with PMCC has undergone 5 million heavy trucks axle passing and its final characteristics was still in good condition both in riding safety and mechnical behavior criteria. Indeed, the various tests carried out throughout the loading cycles did not show any significant damage. The macrotexture has not evolved with 5 million cycles with the Fabac machine. The microtexture has decreased normally and is at a satisfactory level after 5 million cycles. The pendulum test gave relatively stable results between 3 and 5 million cycles whereas the DFT friction test showed a more continuous wear of the microtexture. The measurements of transverse profiles do not show any significant deformation between the initial profile and the one with five million passage. The seals at the joints did not change and the edge of the seals was also not impacted by the passage of the wheels.

The debonding was also studied by two different techniques: frequency hopping (IFSTTAR) and impulse radar measurements. In conclusion, the radar measurements do not make it possible to detect an evolution of the state of degradation of this interface studied at this stage of the experiment. This result confirms the good state of the studied interface up to 5 Mcycles. Some pulloff test should be carried out to confirm the results given by the radar measurements.

As perspective, full scale jobsites would be launched in the near futur with the real pavement machines (paver, slipform) in order to validate the wet-on-wet placement technology of the composite structure. 
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 6 Figure 6 : 2/4 mm Rivolet PMCC samples.

Figure 7

 7 Figure 7 -4/6 mm Rivolet PMCC samples. The results are capitalized in the Figure 8, in which the data obtained of different very-efficientnoise-absorption concretes PERS * (porous elastic road surface, (PERSUADE, 2015)) and of porous asphalt were added for the comparison.
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 9 Figure 9operation principle of FABAC.
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 10 Figure 10 -1 st joint after one (left hand picture) and after five million cycle (right hand picture).
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 11 Figure 11 -2 nd joint after one (left hand picture) and after five million cycle (right hand picture).
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 1213 Figure 12 -Evolution of friction coefficient of PMCC, measured by SRT.The figure shows that the microtexture is decreased but still at good level and cleaning is needed to maintain a good skid resistance of the pavement.
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Table 1 below : Table 1 :

 1:1 recipies and mechanical strength of concretes used in the noise absorption study.

	F3	Rivolet 4/6	13.0%	22.0%	0.33	160.00	44.72	10.86
	F4	Rivolet 4/6	8.0%	7.0%	0.47	210.00	21.74	5.44
	N°	Gradation	% voids content (designed)	porosity by impedance test (measured)	W/C ratio	Vpaste	Rc 28 days (MPa)	Rf 28 days (MPa)
	F1	Rivolet 2/4	13.0%	14.0%	0.33	200.00	36.14	9.67
	F2	Rivolet 2/4	10.0%	15.0%	0.40	210.00	36.33	9.07

FHWA. (2006). Eavaluation of U.S. and European concrete pavement noise reduction methods. Matelys. (2016). Experimental measurement of noise absorption of LMPC. NCPTC. (May 2014). Guide to Concrete Overlays: Sustainable Solutions for Resurfacing and Rehabilitating Existing Pavements (3rd edition). National Concrete Pavement Technology Center. PERSUADE. (2015). Poro Elastic Road SUrface for Avoiding Damage to the Environment. Silvia. (2005). Sustainable Road Surfaces for traffic Noise Control (SILVIA). European Commission