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The objectives of the study are to investigate the influence of the reinforcement with a small amount of natural fibers on the fatigue behavior of two cement-modified soils. The first soil can be defined as a sandy clay material, while the second can be defined as a coarse grains material with a small clay content. The fatigue performances are measured using the twopoint bending test. Results highlight that the reinforcement has positive effects on the stabilized sandy clay material, while the fibers addition seems to slightly decrease the performances of the stabilized coarse grains material.

Introduction

It is well known that fatigue is one of the main failure modes of land transport infrastructures [START_REF] Di Benedetto | Fatigue of bituminous mixtures[END_REF]. For hydraulic materials used in subgrade layers, repeated loadings generate repeated tensile stresses at the bottom of the layers. To overcome these stresses on cement-modified soils, it seems relevant to add fibers in the materials as it is usually used in the field of concrete. The used materials in subgrade exhibit generally a low economic cost. Natural fibers are known to have a low cost and a high availability. Hence, the use of a small amount of this kind of material to enhance cemented "earthworks-material" performances appears to be a relevant and eco-friendly solution. The aim of this paper is to investigate at the laboratory scale on the effect of the addition of natural fibers on the high-cycle fatigue properties of two cement-modified soils. Results are discussed with regards to the geotechnical nature of matrixes.

Materials and methods

Soil n°1 is classified A-7-5 following the AASHTO Soil Classification System and can be defined as a sandy clayey soil. Soil n°2 is classified A-2-6 and is defined as a sand with a small clay content. Two treatments configurations of specimens were studied for the soil n°1. Firstly, all specimens were stabilized with 1% (by dry weight) of lime and 5% of cement CEM II/B-M(LL-V) 42.5 R. Then mixes were reinforced with 0% and 0.3% by dry weight of dry hemp fibers. Three treatments configurations of specimens were prepared for the soil n°2. All specimens were stabilized with 1% of lime and 4% of a rapid-setting hydraulic binder ROC FA. Then mixes were reinforced with 0%, 0.1% and 0.2% by dry weight of dry hemp fibers. In both cases, specimens for fatigue test were pseudo-trapezoidal beams [START_REF] Preteseille | Mechanical fatigue behavior in treated/stabilized soils subjected to a uniaxial flexural test[END_REF]. Samples density corresponds to 1.69 g/cm3 with a water content of 20.5% for the soil n°1 and 1.80g/cm 3 for a water content of 15% for the soil n°2. All specimens were stored 15 days in a climatic room with a temperature regulated at 30°C. To keep constant water content, they were protected with thin plastic films and the hygrometry of the climatic room was set to 90%.

Results

-Monotonic loadings The flexural strength of the stabilized soil n°1 is  F = 0.688 MPa without fibers. With 0.3% of fibers,  F = 0.737 MPa (std =0.006 MPa) so that is 7% of increasing. The initial Young's modulus, i.e. without fibers is 2594 MPa. The Young's modulus of the stabilized soil AD is not impacted by the addition of fibers (2642 MPa).

The flexural strengths of the stabilized soil n°2 without fibers and with 0.1% of fibers are similar, 1.03 MPa (std = 0.06) and 1.04 MPa (std = 0.14) respectively. Then, a decrease of 11% is observed with 0.2% of fibers,  F = 0.92 MPa (std = 0.03). The initial Young's modulus is 6955 MPa (std = 369 MPa). In accordance with previous results on the stabilized soil AD, the Young's moduli appear to be independent of the percentage of fibers until 0.2% (6355 (597) MPa and 7002 (324) MPa). -Cyclic loadings For the stabilized soils n°1 without fibers, the stress leading to failure after 1million of cycles  6 = 0.35 MPa. This parameter gains 20% when 0.3% of fibers are added. This result, combined with the small increase of the  F parameter, leads to an increase of 16% on the slope of the fit -1/b = 12.30 to 14.24 and of 14% of the initial endurance e =  6 / F = 0.51 to 0.58. The uncertainty parameters on the number of cycles and on the stress ratio are respectively log10( Nfail. ) = 1.30 and S = 0.11 without fibers and then decrease (23% and 36%) with the addition of fibers (Fig. 1a). It follows first that the addition of 0.3% of fibers enhances the fatigue mechanical performances of the stabilized soil n°1, and second, it enhances the material homogeneity. For the stabilized soils n°2 without fibers  6 = 0.61 MPa and the endurance is 0.60. The  6 parameters and endurances e are really close after the addition of fibers and it is impossible to define a trend (Fig. 1b). About uncertainty parameters the values without fibers of log10(Nf ail.) = 0.28 and S = 0.02 increase each time that 0.1% of fibers is added in the material (0.41 and 0.62 for log10(N fail. )).

Conclusions

Results highlight that the reinforcement has positive effects on the stabilized sandy clayey material. On the contrary, the fibers addition seems to slightly decrease the performances of the stabilized coarse grains material. The flexural bending strength and the endurance are not modified but the heterogeneity of the material increases in relation with the fibers amount. The type of interaction between matrixes and fibers is suggested to explain these differences. Structural observations at the microscopic scale between the matrixes and the fibers are currently done to understand the implemented mechanisms.
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 1 Fig. 1. Results of fatigue tests expressed in a Wohler's diagram of: a) soil n°1 reinforced with 0.3% of fibers and without fibers; b) soil n°2 reinforced with 0.2% and 0.1% of fibers and without fibers.