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The Ksour of south of Algeria, classified as a World Heritage of UNESCO, are earthen constructions, built with ancestral techniques. Although these techniques are widely used in the Saharan Desert region, very few studies hav approached them with scientific understanding. These old structures are known to suffer over time of damage due to difficult weather conditions. Several rehabilitation solutions have been established, but the problem remains considerable due to lack of information and knowledge on the behavior of these structures. Predominantly, their very complex architectural design and the materials used makes them very different in comparison to the most known masonry construction. These aspects are further discussed in the literature.

This study contributes, primarily, to shed an understanding of the mechanical behavior of the original material used to build the Ksour. Secondly, to assess the impact of adding other natural local materials to the original earth materials in order to increase their proprieties, such as their waterproof performance and durability. These added materials must be able to adapt to these structures while respecting their originality in terms of architectural, color appearance and also their mechanical behaviors'. The obtained results show the effects archived by using different compositions on the durability of stabilized earth blocs from 28 days to 6 months' time scale. In total over 564 samples were analyzed during this study and their performances are presented.

I.

Introduction

Earth is one of the main building materials used for thousands of years [01,02]. More than 30% of the world's population are estimated to still live in mud houses [03]. There are about 500,000 earth buildings in the United Kingdom, most of them built before the 20th century and are still occupied [04]. In India, more than 55% of houses are still built from the raw earth [05]. In addition, earth has been widely used for construction in Algeria, especially in the south of the country where it is very hot, dry and the rain is very scares [06]. The earth constructions have become attractive nowadays [07], given the many sustainability benefits that can be brought by the use of this kind of materials: it is a natural , very likely non-toxic, ecological, with low energy intensity, low CO2 emissions, lands itself well to be recycled [08,09] and can be used as a buffer to regulate the humidity inside a house [START_REF] Fouchal | Experimental Evaluation of hydrics properties for masonry structure composed with earth bricks-geopolymer binder and wooden fram[END_REF][START_REF] Medjelekh | Characterization of the coupled hygrothermal behavior of unfired clay masonries: Numerical and experimental aspects[END_REF][START_REF] Oliveira | Mechanical performance of compressed earth block masonry using granitic residual soils, Brick and Block Masonry: Trends[END_REF]. Indeed, earthen constructions are associated with vernacular architecture, as local soils are generally used by local people [START_REF] Silva | On the development of unmodified mud grouts for repairing earth constructions: Rheology, strength and adhesion[END_REF]. This means that a wide variety of traditional construction technics exist and reflects several characteristics, such as the difference between soils, the social aspect, cultural and economic contexts of populations [START_REF] Sturm | Characterization of dry-stack interlocking compressed earth blocks[END_REF]. But we considered "adobe", the most popular technic used in so-called "Ksour" constructions. The word ksar designates a fortified place: distinguished in an agglomeration as a district surrounded by walls of defence, called ksar or casbah, which constitutes a kind of small scale open district or souk [START_REF] Ziani | Renewable energy, sustainable development and environmental protection in Ksours-case of Algeria[END_REF]. Ksour, it is a component of the Algerian heritage which is the subject of numerous cultural events, national and international conferences [START_REF] Capot-Rey | Le Sahara Français[END_REF].

For Ibn-Khaldoun [START_REF] Khaldoun | Histoire Des Berberes Et Des Dynasties Musulmanes de L'Afrique Septentrionale de Abd Al-Rahman Ibn Mohammad Ibn Khaldou et Mac[END_REF], establishing a city in the Sahara on a given site, needs to meet certain criteria. "To protect oneself from weather conditions, care should be taken to choose the place in a region where the air is good and pure". Indeed, the ksour were built on hills or on hillsides, to be sunny in winter and protected from winds, floods of groundwater and assaults [START_REF] Capot-Rey | Le Sahara Français[END_REF]. The presence of ksour in the Sahara was dependent of the presence of water resources and palm trees. They are mostly located near groundwater source. The ksour morphology presents compact forms, earth color, within a green area (the palm grove). These materials have thermal and physical characteristics adapted with Ksour regions, they are very strong, durable, and offer acoustic and thermal comfort for residents and do not require so much maintenance [18,15 ,19].

Nevertheless, the majority of ksour are today deserted and left empty, others are in the process of being deserted, because of their degraded states, while other are totally transformed after desertification.

Inasmuch as the Ksourian architecture is only an earthen architecture, the most important pathologies of the latter are due mainly to the vagaries of weather, the climatic conditions, material and structural aging factors, the disorders at the level of basements, of walls and roofs (sealing problem) [START_REF] Idir Kaddour | Rehabilitation of the earthen architectural heritage, a heritage to save[END_REF].

The fight against all these factors requires technics based on corrective interventions, using traditional methods, and sometimes paired with new materials. Like any intervention for Ksour patrimonial safeguard, rehabilitation can only be carried out if prior methodical diagnostic to be insured by a qualified team which will allow acquisition of good knowledge of the building, including technical and all elements that concern the structural system. Therefore, it is a matter of knowing the building performance very closely, to detect pathologies, to understand their causes, to be able to propose the adequate remedies [START_REF] Idir Kaddour | Rehabilitation of the earthen architectural heritage, a heritage to save[END_REF]. Since the earthen constructions are very watersensitive constructions [START_REF] Fouchal | Experimental Evaluation of hydrics properties for masonry structure composed with earth bricks-geopolymer binder and wooden fram[END_REF][START_REF] Medjelekh | Characterization of the coupled hygrothermal behavior of unfired clay masonries: Numerical and experimental aspects[END_REF]. In general, the abnormal presence of moisture can alter the quality of constructions, affect the quality of the indoor environments, the thermal comfort of the inhabitants and the structural resistance of the building. Practically, with an adequate drain system, this can minimize the damage caused by the presence of water. This is a device that allows to control the moisture presence in the walls, to intercept rainwater and prevent them from reaching the base of walls, channelling them to a drain connected to the network of rain water collection [START_REF] Collombet | L'humidité des bâtiments anciens : causes et effets, diagnostics et remèdes[END_REF]. In addition, with regards to foundations, several disorders come from the differential settlements of the bearing soils, which cause the flatness loss of foundations, caused also by the degradation of the mortar constituting the foundations masonry [START_REF] Duquoc | Entretenir sa maison en 10 leçons «chantiers pratiques[END_REF]. Therefore, we often find stone bases for most of ksours, especially for load-bearing walls. So, depending on the pathology degree, there are several types of interventions at the end of the design: the tie rods, the wooden chaining, the buttresses, the closing of the cracks with an earth mortar [START_REF] Morisset | Rénover et construire en pisé[END_REF]. At the material level, several works have been carried out to introduce and evaluate different stabilizers [START_REF] Guettala | Influence des Types d'Argiles sur les Propriétés Physicomécaniques du Béton de Terre Stabilisée au Ciment[END_REF], as well as to improve the properties of materials [START_REF] Moor | Earth Building in Australia -Durability Research[END_REF][START_REF] Kerali | Durability of compressed and cement-stabilized building blocks[END_REF]. Stabilization of earth with hydraulic binders began in 1917 where many researchers focused their research in this direction [START_REF] Bahar | Performance of compacted cement-stabilised soil[END_REF].

Many research articles have reported the impact of cement or lime on certain physical and mechanical properties of adobe blocks [START_REF] Reddy | Properties of lime stabilised steam-cured blocks for masonry[END_REF][START_REF] Millogo | Microstructural characterization and mechanical properties of cement stabilised adobes[END_REF][START_REF] Oliveira | Mechanical performance of compressed earth block masonry using granitic residual soils, Brick and Block Masonry: Trends[END_REF], It should be noted that these chemical additives are added to the mixture of raw and none-cured earth to protect the adobe brick against decomposition and moisture deterioration [05] , and to acquire particular properties [START_REF] Kma. Hossain | Stabilized soils for construction applications incorporating natural resources of Papua new Guinea[END_REF]. Cement and lime not only improve strength, but they also reduce the tendency to swell and shrink, reduce crack and generate less dust [02,[START_REF] Gomes | Hydric behavior of earth materials and the effects of their stabilization with cement or lime: study on repair mortars for historical rammed earth structures[END_REF].

Although these two chemical stabilizers are authorized or even recommended by several authors [START_REF] Ashurst | Practical building conservation: brick, terracotta & earth[END_REF]33,02], some studies indicate that the addition of cement to the earth mortar is not appropriate in earthen buildings [START_REF] Warren | Conservation of Earth Structures[END_REF] and represents a colossal error that gives rise to major long-term problems [START_REF] Mchenry | Adobe and Rammed Earth Buildings: Design and Construction[END_REF][START_REF] Walker | HB 195-The Australian Earth Building Handbook[END_REF] while adding lime can improve compressive and flexural strength of earth brick. But, it is also shown that mechanical resistance increases with a gradual addition of cement [START_REF] Horpibulsuk | Strength development in cement stabilized low plasticity and coarse grained soils: laboratory and field study[END_REF][START_REF] Horpibulsuk | Assessment of strength development in cement-admixed high water content clays with Abrams' law as a basis[END_REF].

As a result, the contribution by this study is to introduce a stabilizer which are two different types of lime (industrial and artisanal) and another stabilizer which have the color as lime and resistance as cement known as white cement, in order to increase mechanical and/or physical performance into stabilized earth blocs (SEB) -based material, keeping both the other natural color. Talking of traditional earth construction, using zero transport energy implies the use of local materials as much as possible (assuming that the soil is already available). If necessary, the stabilizers must be transported from the nearest treatment plant to construction site [START_REF] Horpibulsuk | Assessment of strength development in cement-admixed high water content clays with Abrams' law as a basis[END_REF][START_REF] Venkatarama Reddy | Embodied energy in cement stabilised rammed earth walls[END_REF]. Hence is the idea of comparing two types of lime: industrial lime and / or artisanal lime. Engineers and practitioners assume that strength and durability are interchangeable properties, this means whenever that the material is stronger, it is more durable too. Therefore, it is necessary to change and modify the earth blocs composition until a compatible composition with durability requirements is achieved.

II. Materials and methods

II.1. Materials

This work proposes a solution for the rehabilitation of The Ksour of Southern Algeria, classified as a World Heritage by UNESCO, where the raw material is the adobe recovered from Mougheul Ksar, called in this paper "site earth". In order to understand the behavior and characteristics of the earth used in this kind of ksour another type of soil was tested under the same conditions, it is called "standard earth" which is recovered outside of the ksar which in fact has not been used yet for construction.

II.1.1. Site earth

Earthen materials used to manufacture the stabilized Earth bloks SEB tested in this work were sourced from Mougeul's Ksar site located in the city of Bechar (south-west Algeria).

It should be noted that this type of construction requires initially identification of certain properties of the raw material [START_REF] Walker | HB 195-The Australian Earth Building Handbook[END_REF]. For the soil identification the standard tests were performed. The elemental chemical analyses were performed in order to determine the soil composition. The obtained results are summarized in Table I.

The Methylene blue test has also been done. It consists in evaluating by indirect measurement the specific surface of the solid grains by adsorption of a methylene blue solution up to saturation; It was performed and showed that the value of VBS =1% which characterize the soil as not very absorbent and defined as "loamy soil". A granulometric analysis was carried out in two stages: by sieving and by Sedimentometry. The results given in Figure1, show that the used soil is rather coarse and have a spreading granulometry.

Atterberg limits (liquid limit, plastic limit, and plasticity index) were also measured, the results are giving in Table II below.

Others researchers [START_REF] Guettala | Caractéristiques du béton de terre stablilisée (B.T.S) des sols de la région de Biskra[END_REF] propose a plasticity index IP value between 3 < IP <15 for soil used in the earthen construction, notably in the stabilized earthen. The obtained results show that the soil of the Mougheul site is characterized with favorable plasticity (plasticity index 3 < Ip= 8,09% < 15).

II.1.2. Standard earth

According to the physical identification results, particularly the particle size analysis, the standard clay chosen as the base material for the manufacture of the bricks requires a granulometric correction to put the major part of its granulometric curve in the limit zone of BTC, to bring it together as much as possible to the ideal curve of BTC [START_REF] Craterre | Construire en terre -Alternative et Parallèles[END_REF]. The correction by the addition of 30% sand dunes, gives a land of rather improved quality for the manufacture of earth bricks, the results are given in Figure 2.

For the soil identification the standard tests were performed. The elemental chemical analyses were realized in order to determine the soil composition. The obtained results were summarized in the Table III.

Atterberg limits (liquid limit, plastic limit, and plasticity index) were also measured, the results are giving in the Table IV below. The obtained results, show that the mixture is characterized with low plasticity (plasticity index Ip= 3,87%).

II.1.3. White Cement

The white cement used for the stabilization of the earth was chosen in order to respect the real color for the rehabilitation of earthen construction studied in this work, in particular, the case of the ksour constructions. This cement was from MALAKI manufacturing. It is characterized with resistance resulting from the crushing of a white clinker. It consists of mineral oxides, the main ones being lime (CaO) with a basic function and silica (SIO²) with an acidic character. The hydration reaction develops in the presence of water which leads to the formation of a resistant network consisting mainly of microcrystals of hydrated calcium silicates. Their chemicals analysis and the physical characteristics are given in the following Table V & VI.

II.1.4. Industrial lime

The lime used as stabilizer in this study is from Sarl BMSD Chaux which is located on a quarry of lime in Hasasna, town of Saida, in the North West of Algeria. Their chemicals analysis and the physical characteristics are given in the following Table VII and VIII.

II.1.5. Artisanal lime

CaCOH traditional quicklime made in a traditional oven in KENADSA [START_REF] Lahmar | Environmental Effect on the Mechanical Properties of BTS Brick of Bechar Region in Algeria[END_REF], with the same ancestral process of manufacturing being used in this study as stabilizer in order to compare their effect to the industrial lime on the behavior of SEB. It is characterized as shown in Table IX 

& X.

II.2. Methods

II.2.1. Specimens preparation

Samples are performed from the adobe bricks that exist in the degraded part of ksar Mougheul.

After grinding these bricks, sieving with φ6.3mm is carried out to separate large pebbles. Chemical stabilization is a very interesting procedure to apply in the case where the available earth does not have adequate properties. For this reasons the white cement and / or lime are mixed at a fixed rate of 10%. For the addition of lime, quicklime and lime as a milk (5% lime + 30% water) mixture was prepared three days before making.

The dry mixture (earth + stabilizer) must remain three hours in open air to ensure that the composition of the earth has reacted with the stabilizer. Then, 30% of water is added in relation to the mass of the earth, in order to pass from a wet mixture to a homogeneous paste ready for moulding. The compacting is done by the vibrating table, during (t = 30s). In the final stage, the level of the mould is shaved to avoid excess matter within the well-defined volume. Demoulding is carefully carried out after curing the test samples (48 hours).

The samples were stored in the open air and at room temperature. Figure 3 shows the different steps of the specimens' preparation [START_REF] Zebair | Effects of date palm fibres on the mechanical behaviour of stabilized earth blocks: Case study: Ksar of Kenadsa, province of Bechar (south-west Algeria)[END_REF]. In total more than 564 samples were prepared in this study. 6 samples were tested for each test.

II.2.2. Mechanical tests A) Bending tensile test

The prismatic test piece being prepared is placed between two plates with supports. The lower plate comprises two spaced supports 3a (12cm) Figure 4. The upper plate has a single support that will be placed on the test piece between the other two. The loading is done with a constant speed V=0.8MPa/s.

B) Compression test

The compression test done on one of the two pieces resulting from the previous test Figure 5.

The resistance σ is expressed in MPa and has the expression: σ = P/S Knowing that: P = strength recorded at the time of the break S = Surface of contact with the pressed

II.2.3. Durability tests • Freeze-thaw test

Based on climate data from the desert region in Algeria, freeze-thaw test (Figure 6a Figure 6b.) is performed in two phases, placing a soil sample in a refrigerator at a temperature of -1 to 0 ° C for a period of 24 hours and then removed. The sample thawed in a moist environment at a temperature of 55 ° C for 23 hours and then removed and swept. The test is repeated for 5 freeze-thaw cycles and then dries in an oven to obtain a constant weight. Weight loss as well as the compressive strength is then calculated and diagrams are produced.

• Humidification test (Moistening-drying)

The purpose of this test is to study the durability and strength in the wet state of the stabilized earth material when subjected to rainfall alternations (water saturation in winter, drying in summer). The test is carried out on test samples with dimensions 04x04x16cm 3 . The samples were subjected to five cycles of wetting -drying (Figure 7a & Figure 7b). At the age of 28 days, they are weighed after curing in the open and then subjected to a series of cycles comprising:

-drying for 24 hours in an oven at 105 ° C.

In the last cycle, the samples are subjected to mechanical testing.

• Chemical attack test

This test is performed in order to determine the mechanical strength of stabilized earth blocs against chemical attack of the external environment. The test is carried out on test specimens with dimensions (04x04x16) cm. The samples were immersed (Figure 8) in:

-Drinking water -Sodium sulphate solution (Na2SO4) with a concentration of 2%.

To compare between two last environments, during 12 days content. On the last day, the samples were dried for 24 hours and then subjected to mechanical tests.

Table XI summarizes the nomenclature of different samples tested in this study.

III. Results and discussions

III.1. MECHANICAL CHARACTERIZATION RESULTS

III.1.1. Site Earth

In table XII the average density of the different samples tested, is lower for the adobe site (A) cut into (04 × 04 × 16) cm 3 , falling in the case of the earth alone, and slightly different with the addition of stabilizer fixed rate (10%) whatever the implementation conditions are identical, the samples were left to dry in a room condition for 28 days, after this period they were submitted to mechanical tests. This is probably directly related to the raw material recovered from the site used to make the samples. For this type of material, it is difficult to have a same density after curing since the drying is done naturally in the open air.

Both figures (Figure 9 and Figure 10) above allowed us to compare the performance of the adobe site with that of specimens crafted by earth from the same site, show also the influence of the stabilizer addition (with a fixed content 10%) on composition. The results of the bending test on the samples 04×04 ×16 cm 3 at the age of 28 days, can underline the following points:

-The presence of the stabilizer in the composition improves the tensile strength, especially with the use of lime and white cement in combination, except in the case of the lime alone that has the opposite effect. The tensile strength reached max for the E+WC+IL (0.90 MPa) with a difference of 44% compared to the case of the earth without stabilizer, and a difference of 27% compared to the site adobe.

-Another note about the site adobe, this considerable value of tensile strength is probably due to the existence already of some plant and animal fibers in the ancestral composition which implies in this case the earth wasn't sieved.

-For the compression test, it was found generally that the compression strength values of the reused earth are better than those of site adobe.

-These results also show an improvement in the strength of the stabilized earth by white cement + lime with respect to the unstabilized earth, but the reverse behavior occurs for the case stabilized with lime alone.

-The compressive strength reaches the max (2,4MPa) in the case of the E + WC + IL and

(2,1MPa) E +WC +AL.

These results confirm and highlight the interest of site earth reuse for producing stabilized earth blocs, and the use of lime + white cement in combination as the main stabilizer in building earthen, especially for ksour restoration, mainly for economic reasons and durability.

III.1.2. Standard Earth

The results summarized in table XIII and presented in (Figure 11 and Figure 12) concerning the behaviour of the standard earth, show a better tensile strength for the standard earth without stabilizer compared to other compositions, which means that the stabilizer addition provides no improvement in this strength. While, the compressive strength reaches maximum value in the case of stabilization with the only white cement. Comparing with mechanical characterization results of site earth (Figure11and Figure 12), the results show that the choice of a stabilizer, it is not a general rule. All depends on the nature of earth. Cement is more suitable for soil with a higher percentage of sand, while lime is more suitable with clay soil as it reacts, albeit slowly with clay from a stable pozzolanic material [START_REF] Rigassi | Compressed earth Blocks : Manual of production -Volume 1. Deutrsche Gesellschlungs technologien Zentrum Fur-GATE in : Denschee Gesellschaft fur-Technische Zusammenarbe it[END_REF]. This is why to do the identification to check the ability of earth to stabilization and determine the type of best suited treatment.

III.2. MANUFACTURE METHOD EFFECT (Quicklime/lime milk)

the study of the oldest constructions, in particular, in the case of restoration and to reuse the old raw materials to develop new materials with better performances, needed an analysis of the effect of the manufacture method.

In this section, two different methods were used concerning the manner of how the lime introduced in the SEB. The first method consisted the same process as used in the past, notably, the lime was added as milk, lime (the lime mixed with water and left for 3 days) then perform the samples where lime was added as a liquid in the mixture. The second manner is to introduce the lime with earth at the same moments and in this case the lime is used as quicklime. The effect of manufacturing method is presented below in order to analyse the mechanical des SEB.

Figure13 concerned with the tensile strength show that the quicklime stabilised earth gives better values than those of milk lime stabilised earth (more than 43% in the industrial lime case and more than 20% in artisanal lime case).

Similarly, for (Figure14), it appears that the compressive strength of stabilised earth with quicklime are higher than those of stabilised earth with milk lime, It is almost more than twice in the case of Industrial lime use, and with a difference of 20% in the other case.

The use of lime as a milk added to the dry mixture of earth+WC lowers the mechanical strength of stabilised earth. Indeed, for preparation of milk lime is better to work directly with quicklime whether industrial or artisanal lime is used.

III.3.DURABILITY AT 28 DAYS

In this section, the durability of the SEB under different conditions are presented. The specimens were tested at 28 days after their manufacture and subjected to aggressive environments: freezethaw test, humidification-drying test, and chemical attacks test by aggressive products such as H2O and Na2SO4.

III.3.1 FREEZE-THAW TEST

The results of the bending test concerning the tensile strength (Figure15) can underline the following points:

-The stabilized earth gives strength values better than those of unstabilized earth.

-A strength loss under freeze-thaw effect in the case of the stabilized earth, but with a negligible difference. Contrary the unstabilized earth case scored gain strength after freezethaw.

-The composition of stabilized earth with white cement + Industrial lime gives the best result.

The figure (Figure16) shows the compressive strength of earth samples with and without stabilization, before and after the five freeze-thaw cycles.

-A strength decrease was observed in the given composition. Including witness earth with a 23% of decrease, and E+WC+AL with a same amount to little meadows (24%). But for the E+WC+IL, the effect of these five freeze-thaw cycles does not bring a significant change in strength. Therefore, if interested to the freeze-thaw effect on the three compositions, it's found that the E+WC+AL is the most affected, and E+WC+IL is not significantly affected with this number of cycles freeze-thaw. Oti et. al suggested that industrial or laboratorymade earth bricks are capable of withstanding 100 freeze-thaw cycles [START_REF] Oti | Freeze-thaw of stabilized clay brick[END_REF].

Note that:

• Depending on its nature, the earth has a particular behaviour in the presence of water.

Hence, the unstabilized earth samples begin to disintegrate immediately after putting them in contact with water (Figure17). The unstabilized earth loses its cohesion. Then, samples are deformed and losing matter. For this reason, it cannot measure the strength after these durability tests:

-Moistening-drying -Attack H2O / Na2SO4.

III.3.2 MOISTENING-DRYING (M-D) TEST

For bending test (Figure18)., after undergoing samples of (03) M-D alternating cycles, it is observed that the tensile strength will decrease after the test in whichever composition. This is half of the value in the case of E+WC+IL.

Concerning the compressive strength (Figure19) unlike M-D effect on tensile strength, compressive strength will increase slightly compared to those before M-D test in general [START_REF] Silva | On the development of unmodified mud grouts for repairing earth constructions: Rheology, strength and adhesion[END_REF] and the samples stabilized with artisanal lime gave better results than the industrial lime. This can result in the presence of lime that protects the material from attacking water.

III.3.3 CHEMICAL ATTACK TEST

The (Figure 20), shows the bending test results of samples that were totally immersed for 12 days in a drinking water and sodium sulphates solution (Na2SO4), then dried for 24 hours, after 28 days of hardening. The overall observation shows that the strength of immersed samples is better than those witnessed in the case of E+WC+IL, unlike the other case (E+WC+AL).

For compressive strength, on (Figure 21), it is seen that the strength increases after total immersion.

Especially for E+WC+IL with a strength of 4,61 MPa.

The obtained results show clearly a strength gain after immersing samples in (Na2SO4) solution.

This can result in creation of chemical reactions within the material. Hence the importance of analyzing the material chemically just after immersion, to better understand the phenomenon by using advanced techniques.

III.4. AGEIN BEHAVIOUR

In this part, the samples were tested after 190 days (6 months) after their manufacture. The aim of this test is to analyzes the behavior according to the life of the structure.

III.4.1 FREEZE-THAW TEST

The figures (figure 22 and figure 23) illustrate the freeze-thaw test results after curing of 190 days.

See the effect of this stress on both compositions contemplated long term:

-In general, it was noticed a decrease in the tensile strength under freeze-thaw effect in both cases of composition (16% for E+WC+ Al, and with a gap more or less negligible for the other composition) -While, there is a compressive strength gain after freeze-thaw cycles. It may be due to the composition of the crystals of ice in pores. Consequently, this made the strongest and most resistant samples. The answer to this question requires us to deepen in the microstructure of samples, see what happened in the material. Hence, the importance of analysis by scanning electron microscopy (SEM) or by X-ray diffraction (XRD), parallel with these types of tests.

Regarding ageing, the comparison of the tensile and compression strength values at the age of 190 days with those at 28 days (figure15, figure16), show a drop-in strength, especially for E+WC+IL with a value which is half that found at 28 days for tensile, and with a difference of 46% for compression. While the strength loss of E+WC+AL was somewhat weak compared with the previous case (a difference of about 17% for tensile strength, and 29% for compression). This means that the E+WC+ IL quickly matured over the E+WC+ AL.

So, the E+WC+AL have defined as the best composition at this level.

III.4.2 MOISTENING-DRYING TEST

The Moistening-Drying test was carried out on samples kept in open air for 190 days, the samples subjected to M/S alternating cycles. Compressive-tensile strengths variations before and after M/S test are shown schematically in (Figure 24, and Figure 25).

There was a tensile strength decrease after undergoing samples to the M/S cycles, whether the composition. This is related to the change in the earth structure, which is certainly affecting the strength.

For compression, a 27% of strength improvement was observed for E + WC + IL, and about 33% for E + WC + AL.

As a general point of the M/S effect on mechanical strength at the age of 190 days, it was similar at the age of 28 days, unless it is noted that the difference between strengths before and after the test becomes clearer.

III.4.3 CHEMICAL ATTACK

To examine the chemical attack effect at the age of 190 days, the water/SSS immersion test on samples was performed.

Generally, the tensile strengths (Figure 26) remains substantially unchanged for the samples of E + WC + IL, but with an increase of 28% in the case of E + WC + AL immersed in the water. For compression strength (Figure 27), samples immersed in the SSS showed an increase up to 29% for E + WC + IL, that after curing for 190 days, whereas at the age of 28 days, the difference was about 48%. This means that the gap is reduced between the strength value before and after the test. For E + WC + AL samples, the strength reaches a high value in the case of water immersion. This was found even at the age of 28 days, but with a big gap this time. It can be a positive long-term ability of the material, and the latter composition may offer an opportunity to improve durability.

IV. Conclusions

The following conclusions can be drawn from the results:

-Firstly, the results of mechanical characterization tests confirmed and highlighted the interest of the site earth (Ksar) reuse for producing stabilized earth blocs. The use of lime + white cement in combination as stabilization, can meet both economic and durability requirements.

-The identification of the earth for ksour rehabilitation is a very important step before using it in bricks manufacture, in order to check its ability to stabilize and determine the best stabilizer which suites its nature.

-In the case of earth stabilization by lime and cement in combination, the use of lime as a quicklime is more important than using it as milk, in terms of mechanical resistance.

-In general, at the age of 28 days, the compositions are not significantly affect by the five freeze-thaw cycles. The difference between strengths before and after the freeze-thaw test cannot justify the scientific argument. It could be very clear if the number of cycles to have a well-defined pathology isincreased.

-Moistening-drying reduces the tensile strength of the stabilized earth compositions. Contrary to what it does with compressive strengths, where strength gain has been reported.

-As for total immersion test during 12 days, immersed earth samples bring an increase in the mechanical strengths at this level, in particular as regards to the immersion in sodium sulphate solution (with concentration of 2%). This can result in the creation of chemical reactions within the material. Hence the importance of analyzing the chemical composition of the material just after immersion to better understands the phenomenon. As well as the importance of testing samples by scanning electron microscopy (SEM), or by X-ray diffraction (XRD). This later observation must be synchronized with submission to such durability experiments.

-The M / S effect on the strength values at age of 190 days is similar to that of 28 days, unless it should be noted that the gap between the strengths before and after the test becomes clearer. This means that the material with time has become more moisture resistant.

-The obtained results show that the tensile strength decrease in most of the case studies presented in this paper. To improve these proprieties which are important for this kind of hygroscopic material, in particular, when the shrinkage-swelling cannot be produced under variation of the environmental conditions but can be improved by adding natural fiber [START_REF] Zebair | Effects of date palm fibres on the mechanical behaviour of stabilized earth blocks: Case study: Ksar of Kenadsa, province of Bechar (south-west Algeria)[END_REF] [19]. 

Figures list

Figure 1 :Figure 2 :

 12 Figure 1: Granular grain of the site earth Figure 2: Granular grain of the standard earth

Figure 3 :Figure 4 :Figure 5 Figure 6 :Figure 7 :Figure 8 :Figure 9 :Figure 10 :Figure 12 .Figure 13 :Figure 14 :Figure 15 :Figure 16 :Figure 17 :Figure 20 :Figure 21 :Figure 22 :Figure 23 .Figure 24 :Figure 25 :Figure 26 :Figure 27 : 2 Figure 1 :

 345678910121314151617202122232425262721 Figure 3: Samples preparation Figure 4: Bending test: size (4x4x16) Figure 5: compression test Figure 6: Freeze-thaw test Figure 7: Humidification test Figure 8: Chemical attack test Figure 9: Tensile strength of the site earth Figure 10: Compressive strength of the site earth Figure 11. Tensile strength of the standard earth Figure 12. Compressive strength of the standard earth Figure 13: Tensile strength of stabilized site earth using quicklime/milk lime Figure 14: Compression strength of stabilized site earth using quicklime/milk lime Figure 15: Freeze-thaw effect on the tensile strength at 28 days Figure 16: Freeze-thaw on the compression strength at 28 days Figure 17: Disintegration of non-stabilized earth bloc specimens after immersion in water Figure 19: Moistening-Drying effect on the compressive strength at 28 days Figure 20: Chemical attack effect on the tensile strength at 28 days Figure 21: Chemical attack effect on the compression strength at 28 days Figure 22: Freeze-thaw effect on the tensile strength at 190 days (6 months) Figure 23. Freeze-thaw effect on the compression strength at 190 days (6 months) Figure 24: Moistening-Drying effect on the tensile strength at 190 days (6 months) Figure 25: Moistening-Drying effect on the compression strength at 190 days (6 months) Figure 26: Chemical attack effect on the tensile strength at 190 days (6 months) Figure 27: Chemical attack effect on the compression strength at 190 days (6 months)

Figure 2 :

 2 Figure 2: Granular grain of the standard earth

Figure 3 :Figure 4 :Figure 6 :Figure 7 :Figure 8 :Figure 9 :Figure 10 :Figure 11 .Figure 12 .Figure 13 :Figure 14 :Figure 16 :Figure 17 :Figure 18 .

 3467891011121314161718 Figure 3: Samples preparation

Figure 20 :Figure 21 :

 2021 Figure 20: Chemical attack effect on the tensile strength at 28 days

Figure 22 : 13 Figure 23 .Figure 24 :Figure 25 :Figure 26 :Figure 27 :

 22132324252627 Figure 22: Freeze-thaw effect on the tensile strength at 190 days (6 months)

TABLE VIII PHYSICAL

 VIII 

	CHARACTERISTICS OF LIME
	Parameters	Specific value
	Density	<500 g/l
	volume Constance	good
	Specific weights	2,26 g/cm3
	H2O Of hydration	19,46 à 23, 29
	Refusal 360 µ	0%
	Refusal 90 µ	10,00%

TABLE X PHYSICAL

 X 

	CHARACTERISTICS OF LIME
	Parameters	Specific value
	Unpacked density	0,64 (g / cm ³)
	Packed density	0,87 (g / cm ³)
	Absolute density	2,58 (g / cm ³)
	Finesse following Blaine's method	10189 (cm ³ /g)
	Water content	0,3%
	Passing through the sieve 80 μm	100% (≥ 90 %)
		3

TABLE XI

 XI Earth+ white cement Es+IL : Earth+ Industrial Lime Es+AL : Earth+ Artisanal lime Es+WC+IL : Earth+ white cement+ Industrial lime Es+WC+AL : Earth+ White cement+ Artisanal Lime Mechanical tests after 28 days of the samples manufacturing

		SAMPLES NOMENCLATURE	
	Earth	Composition	Tests
		Es: Earth without stabilizer	
	Standard Earth (Es) Es+ WC : Site Earth A : Adobe's site E: site Earth without stabilizer E+IL : Earth+ Industrial lime E+AL : terre+ Artisanal lime E+ WC : Earth+ White cement	Mechanical tests after 28 days of the samples manufacturing
	(E)	E: Earth without stabilizer	Mechanical Tests
		E+WC+IL : Earth+ white cement+ Industrial lime	+
		E+WC+AL : Earth+ White Cement+ Artisanal Lime	Durability tests
			after 28 days and 6 months of
			the samples manufacturing

TABLE XII MECHANICAL

 XII 

TESTS RESULTS OF THE SITE EARTH
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