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The shrinkage swelling phenomenon of clayey soils is affected by Soil-Vegetation-Atmosphere (SVA) interactions and can cause severe structural damage to lightly loaded constructions such as residential buildings. A soil-atmosphere interaction method was primarily presented along with a coupled hydrothermal soil model. This approach was established to determine primarily, the natural time variable boundary conditions at the considered soil surface and secondly to determine the spatial-temporal changes of the soil suction, water content and temperature. Thereafter, the influence of the water uptake by vegetation was incorporated in the source term of the unsaturated water flow theory, using an existing root water uptake model. Subsequently, the variations of the soil suction were related to the volume change using a linear model. The associated volumetric indices in the void ratio-log suction plan, along with the complementary parameters of the linear model were correlated with basic geotechnical parameters. Comparisons between the simulation results and observation from a monitored site showed an acceptable performance of the predictions. The approach was then extended to study the influence of future climate projections (2050) on soil displacements using three Representative Concentration Pathway (RCP) climate change scenarios which revealed different possible behavior in both short and long-term.

Introduction

Concerns continue to grow around the world on the impact of climatic events that cause huge economic and human losses to the society. The global warming has caused a great deal of structural damage, particularly on lightweight constructions (residential buildings, industrial buildings, pavement structures, pipelines, etc.) built on swelling soils, because of the significant changes in the physical and mechanical properties of the ground. This phenomenon also called the "geotechnical drought" is at the origin of numerous damages on these types of constructions. Damage to lightly loaded structures founded on expansive soils has been widely reported in many countries such as Australia, China, India, Israel, South Africa, the United Kingdom and the United States of America [START_REF] Jones | Expansive soils[END_REF].

The volume change behavior of expansive clayey soils and the prediction of the soil movements over time have been widely investigated by different researchers in the past years [START_REF] Alonso | Modelling the mechanical behaviour of expansive clays[END_REF][START_REF] Briaud | Shrink test-water content method for shrink and swell predictions[END_REF][START_REF] Vu | The prediction of one-, two-, and three-dimensional heave in expansive soils[END_REF][START_REF] Vu | Challenges to modelling heave in expansive soils[END_REF][START_REF] Zhang | Consolidation theories for saturated-unsaturated soils and numerical simulations of residential buildings on expansive soils[END_REF][START_REF] Wray | Three-dimensional model for moisture and volume changes prediction in expansive soils[END_REF][START_REF] Overton | Time rate of heave prediction for expansive soils[END_REF][START_REF] Nelson | Definition of expansion potential for expansive soil[END_REF][START_REF] Hemmati | Thermo-hydro-mechanical modelling of soil settlements induced by soil-vegetation-atmosphere interactions[END_REF][START_REF] Adem | Constitutive modeling approach for estimating 1-D heave with respect to time for expansive soils[END_REF][START_REF] Zhang | Three dimensional numerical simulation of residential building on shrink-swell soils in response to climatic conditions[END_REF][START_REF] Karunarathne | Modelling of climate induced moisture variations and subsequent ground movements in expansive soils[END_REF]. The current models were classified in three categories [START_REF] Briaud | Shrink test-water content method for shrink and swell predictions[END_REF][START_REF] Adem | Soil-environment interactions modelling for expansive soils[END_REF]: a) consolidation theory-based methods that use the matric suction and the net stress as state variables b) water content-based methods that use the soil water content as a state variable, and c) suction-based methods that use the matric suction as a state variable. As the first category of methods, the consolidation theory in unsaturated soils links the coupled hydraulic and mechanical process during volume change behavior [START_REF] Zhang | Consolidation theories for saturated-unsaturated soils and numerical simulations of residential buildings on expansive soils[END_REF][START_REF] Fredlund | Constitutive relations for volume change in unsaturated soils[END_REF][START_REF] Lloret | Flow and deformation analysis of partially saturated soils[END_REF][START_REF] Alonso | A constitutive model for partially saturated soils[END_REF][START_REF] Gens | A framework for the behaviour of unsaturated expansive clays[END_REF][START_REF] Nowamooz | Swelling/shrinkage of compacted and natural clayey soils[END_REF][START_REF] Nowamooz | Density-dependent hydromechanical behaviour of a compacted expansive soil[END_REF][START_REF] Fredlund | Soil mechanics for unsaturated soils[END_REF][START_REF] Jahangir | Phénomènes d'interaction sol-structure vis-à-vis de l'aléa retrait-gonflement pour l'évaluation de la vulnérabilité des ouvrages[END_REF][START_REF] Jahangir | An analytical model of soil-structure interaction with swelling soils during droughts[END_REF][START_REF] Gatmiri | θ-STOCK, a powerful tool of thermohydromechanical behaviour and damage modelling of unsaturated porous media[END_REF][START_REF] An | Numerical analysis of soil volumetric water content and temperature variations in an embankment due to soil-atmosphere interaction[END_REF][START_REF]Numerical analysis of hydro-thermal behaviour of Rouen embankment under climate effect[END_REF]. One of the well know elastoplastic models for unsaturated soils is the Barcelona Basic Model (BBM) [START_REF] Alonso | A constitutive model for partially saturated soils[END_REF][START_REF] Gens | A framework for the behaviour of unsaturated expansive clays[END_REF] which allows the determination of the soil volume change in different conditions by taking into account a considerable number of parameters. In the second category of the existing methods, rather than solving sophisticated numerical models based on the consolidation theory, the soil movements in time can also be evaluated based on the changes in water content over time [START_REF] Briaud | Shrink test-water content method for shrink and swell predictions[END_REF][START_REF] Overton | Time rate of heave prediction for expansive soils[END_REF][START_REF] Karunarathne | Modelling of climate induced moisture variations and subsequent ground movements in expansive soils[END_REF][START_REF] Rajeev | Ground-atmosphere interaction modelling for long-term prediction of soil moisture and temperature[END_REF][START_REF] Shams | Simulating the behavior of reactive soils and slab foundations using hydro-mechanical finite element modelling incorporating soil suction and moisture changes[END_REF]. The third category of existing methods known as the suction-based methods are based on the volume change of expansive soil which can be related to the soil suction through the changes in the void ratio or volumetric strain [START_REF] Wray | Three-dimensional model for moisture and volume changes prediction in expansive soils[END_REF][START_REF] Adem | Constitutive modeling approach for estimating 1-D heave with respect to time for expansive soils[END_REF][START_REF] Adem | Review of methods for predicting in situ volume change movement of expansive soil over time[END_REF][START_REF] Zhang | Prediction of climate specific vertical movement of pavements with expansive soils based on long-term 2D numerical simulation of rainwater infiltration[END_REF]. The volume change behavior in the three categories was more often considered using existing sophisticated numerical models requiring numerous mechanical and physical soil parameters which can only be deduced by advanced laboratory investigations.

In Geotechnical Engineering and Environmental Geotechnics, the Soil-Vegetation-Atmosphere (SVA) interaction models were rarely used to evaluate the hydro-thermal, hydro-mechanical or thermo-hydromechanical behavior of unsaturated soils. The Ɵ-STOCK code developed by Gatmiri and Arson [START_REF] Gatmiri | θ-STOCK, a powerful tool of thermohydromechanical behaviour and damage modelling of unsaturated porous media[END_REF] (also based on the consolidation theory) is a finite element program that is capable of modelling the coupled Thermo-Hydro-Mechanical behavior of geomaterials in both saturated and unsaturated conditions. This model was extended in [START_REF] Hemmati | Thermo-hydro-mechanical modelling of soil settlements induced by soil-vegetation-atmosphere interactions[END_REF] to study the soil movements in time in an SVA context which showed satisfactory results while compared to field observations. Studies carried out in [START_REF] An | Numerical analysis of soil volumetric water content and temperature variations in an embankment due to soil-atmosphere interaction[END_REF] and [START_REF]Numerical analysis of hydro-thermal behaviour of Rouen embankment under climate effect[END_REF] also involved the hydro-thermal modelling of soils based on soil-atmosphere interaction analysis without considering the vegetation. Recently Zhang et al. [START_REF] Zhang | Prediction of climate specific vertical movement of pavements with expansive soils based on long-term 2D numerical simulation of rainwater infiltration[END_REF] studied the climate induced vertical soil movements in pavements using HYDRUS 2D for the unsaturated flow simulation and a suction-based uncoupled method for the volume change behavior without considering the vegetation.

In this context, there is the necessity to set up a methodology taking into account all the factors that play a role in triggering and aggravating this phenomenon in time. In this paper, a numerical method for the SVA continuum was set up by incorporating the basic geotechnical parameters in the volume change behavior. Moreover, the influence of future climatic parameters on the soil using climate change scenarios in an SVA context was not fully investigated in the mentioned studies. Consequently, the proposed approach was extended to study the short-term and long-term soil movements under different climate change scenarios.

Modelling shrinkage and swelling of soils by considering the Soil-

Vegetation-Atmosphere interaction

The trainset hydro-thermal analysis of the soil-vegetation-atmosphere interaction leads to the calculation of the seasonal soil water content, temperature and suction in the soil medium. Climate induced solicitations are modelled using a soil-atmosphere interaction method which is based on the mass and energy balance equations. The mass balance approach is presented by neglecting the effect of runoff and the interception in the calculation for the sake of simplicity. The infiltration rate into the soil (Iinf) is equal to the difference between the precipitation rate (P) and the reference evapotranspiration (ET) which is calculated by considering the FAO 56 equation [START_REF] Penman | Natural evaporation from open water, bare soil and grass[END_REF] as follows:

= 0.408 ∆ - + 900 + 273 - ∆ + 1 + 0.34 (1) 
where, Rn is the net radiation at the crop surface [W m -2 ] or [MJ m -2 day -1 ], G is the soil heat flux density [W m -2 ] or [MJ m -2 day -1 ], T is the mean daily air temperature at 2m height [K] or [°C], u2 is the wind speed at 2 m height [m s -1 ], es and ea are the saturation and actual vapor pressure respectively [kPa], Δ is the slope of the vapor pressure curve and γ is the psychometric constant, 0.066 [kPa °C -1 ].

On the other hand, the energy balance approach [START_REF] Blight | Interactions between the atmosphere and the earth[END_REF] is described based on the air temperature. The energy balance and its associated parameters are combined to determine the soil surface temperature (Ts) based on the recorded metrological data [START_REF] Assadollahi | Clay-Atmosphere Interaction in a high risk of shrinkage and swelling zone[END_REF][START_REF] Nowamooz | Investigation of in situ soil-atmosphere interaction with a hydro-thermal simulation approach: application to an instrumented site[END_REF]. This will serve as a time variable boundary condition in the numerical calculations.

The HYDRUS 2D software package [START_REF] Šimůnek | The HYDRUS software package for simulating the two-and three-dimensional movement of water, heat, and multiple solutes in variably-saturated media[END_REF] was used for the unsaturated water flow modelling in this work. The unsaturated water flow equation in a porous media can be described using Richards [START_REF] Richards | Capillary conduction of liquids through porous mediums[END_REF],

Mualem [START_REF] Mualem | A new model for predicting the hydraulic conductivity of unsaturated porous media[END_REF] and van Genuchten [START_REF] Van Genuchten | A closed-form equation for predicting the hydraulic conductivity of unsaturated soils 1[END_REF] equations as follow:
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where represents the volumetric water content [-]. % is the soil suction [kPa] or the soil water pressure head [mm], $ % is the hydraulic conductivity function [mm day -1 ], t is the time [day], z is the elevation [mm], % ) % is the sink term [day -1 ] which represents the water uptake in roots, $ * is the saturated hydraulic conductivity [mm day -1 ], 2 and are the residual and saturated water contents respectively [-], and % + is the effective saturation and is dimensionless. 4 [mm -1 ] or [kPa -1 ], n, m, and l are the shape parameters and they are obtained by fitting the model to experimental data.

The seasonal soil temperature distributions in depth, are modeled using a coupled approach which relates the seasonal water content variations to the soil thermal conductivity. The differential equation of the heat transfer [START_REF] Sophocleous | Analysis of water and heat flow in unsaturated-saturated porous media[END_REF] and the thermal conductivity using the Chung and Horton equation [START_REF] Chung | Soil heat and water flow with a partial surface mulch[END_REF] can be described by neglecting the water vapor diffusion as follows: 
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where is the soil temperature

[K] or [°C], 7 ) is the volumetric heat capacity of the porous medium (soil) [Jm -3 K -1 ] or [MJ m -3°C-1 ], = >?) ) is the apparent thermal conductivity [Wm -1 K -1 ], 7 is the solid phase volumetric heat capacity [Jm -3 K -1 ] or [MJ m -3°C-1 ], 7 is the organic phase volumetric heat capacity [Jm -3 K -1 ] or [MJ m -3°C-1 ] and 7 B is the liquid phase volumetric heat capacity [Jm -3 K -1 ] or [MJ m -3°C-1 ], = ) is the soil thermal conductivity [Wm -1 K -1 ],
) refers to a volumetric fraction [-] and b1,b2 and b3 are the constant parameters. In this study the volume fraction dedicated to organic matter is neglected for the sake of simplicity.

The effect of vegetation root on the hydraulic state of the soil can be studied in a framework of SVA analysis. In this study, the root water uptake (RWU) is expressed using the Feddes model [START_REF] Feddes | Simulation of field water uptake by plants using a soil water dependent root extraction function[END_REF] which uses a constant water extraction distribution term. The sink term % ) % in the Richards equation (equation 2-a) is a function of potential transpiration, the root distribution pattern and the soil suction (pressure head):

% ) % = G % D ;,I,J % * KL* (4a)
where the water stress response function G % is a prescribed dimensionless linear function of the soil water pressure. The second term D ;,I,J % * KL* is the potential water uptake rate [START_REF] Vogel | SWMII -Numerical model of two-dimensional flow in a variably saturated porous medium[END_REF]. % * is the width [m] of the soil surface associated with the transpiration process, KL* is the potential transpiration rate [m s -1 ], and D ;,I,J is the normalized water uptake distribution function [m -2 ] which describes the spatial variation of the potential water uptake term over the root zone. The potential transpiration due to the presence of vegetation can be calculated using the following expression [START_REF] Allen | Crop evapotranspiration-Guidelines for computing crop water requirements-FAO Irrigation and drainage paper[END_REF]:
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where, Q is a constant representing the extinction coefficient per unit leaf area (0.6) and M is the crop evapotranspiration (potential evapotranspiration) which is the product of the crop coefficient ($ M ) and the reference evapotranspiration ( ). RST is the leaf area index which is a dimensionless quantity and is described as the leaf area (upper side only) per unit area of the soil below it. It is expressed as m 2 leaf area per m 2 ground area [START_REF] Vogel | SWMII -Numerical model of two-dimensional flow in a variably saturated porous medium[END_REF]. This parameter is usually measured by hygrometric sensors. The general trend of some measured data for grass in the literature [START_REF] Asner | Global synthesis of leaf area index observations: implications for ecological and remote sensing studies[END_REF] follows almost a cosine type function and can be expressed using the following expression:
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where, ! is the number of the cumulative days during the considered period. RST U is the maximum value of the observed leaf area indexes in the growing stage of a given species. This value can be determined using the provided tables in [START_REF] Asner | Global synthesis of leaf area index observations: implications for ecological and remote sensing studies[END_REF] for different grass and vegetation types.

Since the volume change behavior of an unsaturated soil is related to the variation of the soil suction as well as the loading conditions (net stress), the soil void ratio is thus influenced by wetting and drying cycles. Experiments carried out in [START_REF] Nowamooz | Volume change behaviour of a swelling soil compacted at different initial states[END_REF] and [START_REF] Nowamooz | Effective stress in swelling soils during wetting drying cycles[END_REF] show that a soil in a loose state tends to decrease in volume and a soil in a dense state tends to increase in volume after one drying and wetting cycle. The proposed linear model is based on the drying-wetting tests on the void ratio -log suction (e-log S) plan of different soils (Figure 1-a and Figure 1-b). For the loose soil, the A-B drying path corresponds to a small variation in the void ratio and is consequently characterized as an elastic over consolidated behavior. The B-C drying path corresponds to a larger void ratio variation with respect to suction which defines a normally consolidated plastic domain. The transition between these two paths happens at a suction state (point B) named the transition suction (Str) with its associated void ratio (etr).

On the last drying path (C-D), very small and almost negligible variation of the void ratio is observed which corresponds to an elastic behavior. The volumetric changes are considered negligible beyond point C which is represented by the shrinkage limit suction (SShrink) and its associated void ratio (esh).

On the other hand, the slope of the wetting path (D-E-C) corresponds approximately to that of (A-B) with an elastic behavior. The same comments can be made on the dense soil with point D for the transition suction and point B for the shrinkage limit suction. To determine the void ratio changes over time, the two volumetric indices (Q and = ) should be always known. The slopes can be calculated as below for both density state of the soil:
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A suction controlled drying/wetting test on a soil sample can lead to the calculation of the indices and their associated suction and void ratio values. However, performing these kinds of drying/wetting tests in the (e-Log S) plan is a quite difficult and time-consuming task. Alternative approaches can be adapted to estimate the volumetric indices based on basic geotechnical properties of the soil. To establish a relationship between the volumetric indices and the basic geotechnical parameters, different drying/wetting tests performed in the literature were analyzed [START_REF] Nowamooz | Effective stress in swelling soils during wetting drying cycles[END_REF][START_REF] Ho | Volume change indices during loading and unloading of an unsaturated soil[END_REF][START_REF] Fleureau | Aspects of the behaviour of compacted clayey soils on drying and wetting paths[END_REF][START_REF] Li | Global representation of the drying-wetting curves of four engineering soils: experiments and correlations[END_REF]. 59 tests were investigated in this study, the considered geotechnical parameters and the calculated volumetric indices by the drying and wetting tests (or only drying tests) on different soils are presented in Table A1.

Figure 2 and Figure 3 show respectively the correlation of Q and = with the plasticity index (PI), the saturation void ratio, the saturation water content and the dry density of the soil. The saturation water content is gravimetric and dimensionless and its maximum reaches 250% (2.5 in Figures 2 &3) for the highly expansive clays (mud). The shrinkage limit (SL) and the liquid limit (LL) showed less correlation with Q and = and thus they were not considered in the multivariate regression analysis. As shown in Figure 2-a, the Q volumetric index is a 2-degree polynomial function of the plasticity index of the soil. By increasing the plasticity index, the absolute value of Q tends to increase. The same comment could be made for Figure 2-b and 2-c where Q is a linear function of the void ratio and saturated water content respectively. However, as shown in Figure 2-d, Q is a logarithmic function of the soil dry density and tends to increase with the increase of the soil dry density. Figure 3-a shows the variation of = with the plasticity index where the index decreases as the plasticity index increases.

For both Figure 3-b and 3-c, = decreases linearly with the increase of the void ratio and the saturation water content respectively. Finally, a logarithmic curve relates the changes of = with the soil dry density. As the dry density increases, = increases as shown in Figure 3-d. It can be observed from Figure 2 and Figure 3 that the proposed fitted models have an acceptable agreement with the data. Most of the dispersed data stayed between the upper and lower 95% prediction interval of the fitted linear and nonlinear models. Considering the effect of each selected basic parameter on Q and = , a multivariate regression analysis was then performed on the data to estimate the independent variables (Q and = based on the dependent variables (PI, e, w and γd).

Based on this analysis, each volumetric index can be defined by these four parameters using the following expressions: 

Q = 0.
The performance of these proposed equations could be evaluated by comparing the predicted values to the measured values (reported in Table A1). Table 1 summarizes the errors along with the coefficient of determination for both Q and = indices. The mean absolute deviation (MAD), the mean squared error (MSE) and the root mean squared error (RMSE) were used to evaluate the error of the predicted values. The mean absolute deviation (MAD) is the sum of absolute differences between the observed value and the predicted value divided by the number of observations. The mean squared error (MSE) (as the most common error metric) penalizes larger errors as it is the sum of the squared errors divided by the number of observations. The RMSE is the square root of MSE which represents the mean deviation of predicted values with respect to the observed ones, in the same units as the model variable under evaluation. Figure 4-a and 4-b show respectively the linear regression between the predicted Q , = and the observed values. It can be observed that the coefficient of determination is 0.90 for Q and 0.92 for = . It can be globally stated that there is an acceptable prediction capacity of the proposed approach. To determine the volumetric deformations with the volumetric indices, the transition suction (Str) between the two indices and the shrinkage limit suction (Sshrink) should be known. Data presented in Table A1 was used to correlate these two suction parameters with the basic geotechnical properties of different soils. The transition suction was related to the soil dry density by an exponential type equation with a determination coefficient (R 2 ) of 0.84 which showed an acceptable agreement of the fitted equation with the data. The shrinkage limit suction was correlated with the shrinkage limit (SL) of each soil. It was observed that the best fit equation for this set of data was a power law type equation with a determination coefficient (R 2 ) of 0.72 showing an acceptable coherence with the data.

By having the 5 basic geotechnical properties (PI, SL, e, w and γd), the shrink swell model of the soil can be established under zero stress condition. Since SL is not always part of the geotechnical testing programs, thus the following relationship between the shrinkage index (SI) and the plasticity index (PI) of the soils (presented in Table A1) is used:

%T = 1.22 * dT + 3.4 (9a).
where

%T = RR -%R (9b).
The data (Table A1) presents the volumetric indices under no loading conditions or very small (negligible) applied loads. Since the volumetric behavior of an unsaturated soil is also dependent on the loading condition, it is crucial to study its effect on the volume change behavior. The volumetric indices of some soils are also investigated for different loading conditions under drying/wetting cycles. Measurements carried out in the literature (Table A1) show that the influence of the loading conditions on the transition suction (Str) and the shrinkage limit suction (Sshrink) is negligible. Thus, Str and Sshrink are considered constant under the applied stress. However, the volumetric indices (Q lm = are influenced by the applied stress on the soil during drying wetting cycles as presented in Table A2. The volumetric indices are calculated for each loading conditions under drying/wetting cycles showing that the changes in the volumetric indices follow a logarithmic relationship, as follow:

Q lm = = S ln n + o (10) 
where A and B are the curve fitting parameters, Q represents the applied stress [kPa]. It can be observed that the variation of A is different for each soil type. Thus, it is possible to relate this parameter to the soil geotechnical properties and particularly to the plasticity index (PI). Table A3 shows the variation of the curve fitting parameters and the associated geotechnical data for each soil.

The volumetric indices at zero or very low stress condition (Q lm = are also presented in Table A3.

To grasp the volumetric changes of the soil, the cumulative volumetric deformation at each drying/wetting cycle is calculated as below:

Δq = r ?s. -? 1 + ? t" * uvw ?x. (11) 
where j denotes each time step (days), tend is the considered ending time of the calculation, dz is the considered length of the soil profile and e is the void ratio. The volumetric changes of the soil depend on the possible drying and wetting paths on the (e-Log S) plan. Suppose that Sj and Sj+1 denote the applied suctions in two steps in time. During a drying or wetting phase for a loose soil, three paths can be considered: one on the Q slope, one on the = slope and the last one following both slopes. The possible paths could also be verified for a dense soil during a drying wetting phase with six different conditions. Finally, there is no volume change and consequently no volumetric deformation if both Sj and Sj+1 are greater than Sshrink. These steps and conditions can be shown in the form of a flowchart in Figure A1.

Application of the proposed approach to an instrumented site

This section deals with the application of the proposed approach on a monitored site. Based on the provided information regarding the soil-vegetation-atmosphere interaction analysis and the use of the soil suction as an initial input condition, the following flowchart can be determined for the adapted modelling approach (Figure 5). The temporal variations of the soil suction (deduced by Hydrus) are used to calculate the soil volumetric deformations based on the presented shrink-swell model using a MATLAB interface. The results produced by Hydrus are used as input parameters of the developed linear model. The volumetric indices (κs and λs) and the model parameters are determined in this step. The influence of the loading conditions on the volumetric indices is determined using equation 10 which allows the calculation of the soil movements in time. 

3.1.Roaillan site description

The site consists of a residential building located in the south west of France close to the Bordeaux city in Roaillan-Langon. The building constructed in 2004/2005 is a one floor residential L shaped house with slab on ground floor and shallow strip footings with a depth of 50 to 80 cm and a 50*30 cm section. The building was damaged due to differential settlements probably caused by environmental factors such as the presence of trees in the vicinity of the building and the climatic conditions during the monitoring period. The first damages observed in 2009 on the building were mainly characterized as horizontal and vertical cracks, both in and outside the building. The area is mainly surrounded by tall trees so that in one angle of the building (south) a tree is located 2m away from it. However, the trees are at least 5 to 6 m away from the north angle of the building.

The monitoring program of this site began in September 2011 to investigate the changes of the soil physical parameters (mostly expansive clays) close to the building and to the trees [START_REF] Mathon | Monitoring of an instrumented house damaged by drought[END_REF]. Figure 6 shows the schematic representation of the building with the position of the closest trees to the building. The building seems to be damaged mainly on the west and the south side walls which are mainly the walls being exposed to the root water uptake [START_REF] Assadollahi | The effect of environmental factors on the stability of residential buildings built on expansive clays[END_REF][START_REF] Assadollahi | Modeling Root Water Uptake, Climate and Unsaturated Vegetated Clays Interactions in the Context of Shallow Foundation Soils[END_REF][START_REF] Assadollahi | Using a Complementary Evapotranspiration Relationship to Estimate Surface Suction for Soil-Atmosphere Interaction Analysis[END_REF][START_REF] Assadollahi | In-situ shrinkage and swelling in expansive clays induced by climatic conditions[END_REF]. The variations of the physical properties of these clayey soils were monitored at different depths using adapted sensors. Soil water content probes (Theta Probe), temperature sensors (TRIME-PICO), calibrated suction sensors (Watermark) and a multi-point rod extensometer were installed in the two most damaged angles of the building.

Core sampling (CS) was carried out at four different angles of the building to investigate the geotechnical properties of the site. Laboratory investigations showed that almost all soils are characterized as fine-grained and plastic (Table 2). Generally, the swelling potential of these samples are also characterized as highly potential. These investigations confirmed that the site contains mainly high plasticity expansive clays which are very sensitive to seasonal variations.

Table 2: Soil identification parameters of the Roaillan experimental site [START_REF] Mathon | Monitoring of an instrumented house damaged by drought[END_REF].

Figure 6 : The schematic representation of the monitored building with the location of the sensors.

3.2.Model setup for simulating

As shown in Figure 7, different probes are installed both near the building and near the tree. properties at three depths in this vertical profile, three soil layers were considered with different hydraulic and thermal properties for the Soil-Vegetation-Atmosphere analysis and the transient hydrothermal simulations. 

3.3.Input parameters

The soil input parameters of the experimental site are presented primarily for the hydro-thermal simulation phase and secondly for the calculation of the soil shrinkage and swelling based on the proposed approach.

a) Soil hydro-thermal parameters

The obtained retention curves from experimentation on three samples at the north angle of the building were fitted by using the Van Genhutchen model (equation 2c). The associated hydraulic and thermal parameters (equations 2 and 3) are listed in Table 3. 
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b) Soil volume change parameters

The input volume change parameters for each soil layer at both angles of the building are presented in Table 4. It should be mentioned that the influence of the building load on the volumetric indices is not taken into account for the north angle of the building in the comparison process since the extensometer is not installed right under the foundation soil of the building but in its left vicinity (not influenced directly by the building load). To determine the soil movements directly under the strip footing in both sides of the building, the applied loads should be known. Therefore, the values of the volumetric indices are recalculated using equation 10. Details of the applied loads on the foundation of the building are given in Table A4. Additional details on different structural elements of the building can also be found in [START_REF] Assadollahi | Long-term behaviour of natural clays in a building foundation under climate change scenarios[END_REF]. Figure 8 shows the shrink-swell curve of the three studied samples in the water content -void ratio plane at 3 different depths. On the drying curve, the soil first follows the saturation line. Following the continuous decrease of the soil water content, the void ratio tends towards a constant value. As shown in Figure 8, the shrinkage limits are determined and indicated on the figure as the intersection between the saturation line and the horizontal asymptote of the curve when the water content tends to zero. 

c) Climatic parameters

The meteorological data of the experimental site presented in Figure 9 was collected from the MERRA dataset tool. The considered period starts from September 2011 and continues until late 2017 in daily time scale. These climatic parameters are used to construct the time variable atmospheric boundary conditions of the site as input time series in the numerical simulations.

Since the wind speed in the evapotranspiration equation (equation 1) should be given at 2m height, the following equation is used for the conversion of the wind speed from 10m to 2m [START_REF] Penman | Natural evaporation from open water, bare soil and grass[END_REF]:

= 2 `JA J A • a ./- ( 12 
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where ur is the known wind speed [m s -1 ] at a reference height " ) 2 [m] and " ) is the desired height [m] for calculating the corresponding wind speed u [m s -1 ]. 

d) Vegetation parameters

To differentiate between the amount of plant transpiration and the potential soil evaporation, the crop coefficient should be first determined. Thus, the suggested method by FAO 56 [START_REF] Allen | Crop evapotranspiration-Guidelines for computing crop water requirements-FAO Irrigation and drainage paper[END_REF] is used by considering a single type crop coefficient. The procedure for calculating the crop evapotranspiration (ETC) begins primarily by identifying the crop growth stages, determining their lengths, and selecting the corresponding $ M coefficients; then adjusting the selected $ M coefficients for frequency of wetting/drying or climatic conditions during the different stages and finally constructing the crop coefficient curve. The growing stages of the crops are determined using the tables provided in FAO 56 [START_REF] Allen | Crop evapotranspiration-Guidelines for computing crop water requirements-FAO Irrigation and drainage paper[END_REF]. Three values of $ M are required to describe and construct the crop coefficient curve: those during the initial stage (Kc ini), the mid-season stage (Kc mid) and at the end of the late season stage (Kc end). A single crop coefficient is adapted to this experimental site considering both the grass and the tree. The length of the crop development stage is also suggested in the FAO 56 guide. A yearly distribution of the crop coefficient is adapted for this specific site due to the fact that the trees play a more important role on the vegetation parameters (Table 5).

The cosine function is used for the LAI variations in time (a year) for each angle of the building which reaches a maximum value of 1.8 and 0.9 for the north and the south angle respectively and a minimum value of zero for both angles. These limits are determined based on the literature suggestion [START_REF] Asner | Global synthesis of leaf area index observations: implications for ecological and remote sensing studies[END_REF] for a pasture grass and oak tree type vegetation. The reason for taking a different LAI index for each angle of the building is because the grass cover on the south angle appears to be very poor compared to the grass on the north angle. In addition to the grass cover, the size of the trees in the two angles is different. The tree in the north side has a diameter almost two times greater than the tree in the south side. 1.8 0.9

3.4.Boundary condition, Finite Element (FE) mesh and initial conditions

The boundary conditions of the model are the infiltration rate (P-ET0), the potential transpiration (Tpot), the potential evaporation (Epot) and the soil surface temperature (Ts). The reference evapotranspiration is calculated based on the climatic parameters of the site and the potential crop evapotranspiration is calculated by applying the crop coefficient. A partitioning of the evapotranspiration rate is carried out to determine the evaporation and the transpiration rates separately due to the difference in the vegetation cover in each angle of the building. The infiltration rate and the soil surface temperature are also determined using the amount of precipitation and the reference evapotranspiration based on the simplified mass balance and thermal based energy balance approach described in previous sections.

These boundary conditions can now be applied as atmospheric time variable boundary to the soil surface as shown in the FE mesh geometry in Figure 10-a and 10-b respectively for the north and the south angle of the building. Additionally, a free drainage type boundary condition is applied to the bottom of the geometry as well as zero flux conditions on the side and on the upper boundaries of the footing and the terrace (for the south angle).

The FE mesh of the north angle geometry is composed of 1795 triangular elements with varying mesh sizes (Figure 10-a). There are 970 nodes in this mesh. A refinement of the mesh was carried out close to the foundation of the building and at the soil surface where the atmospheric conditions were applied. Figure 10-b shows the meshed geometry of the south angle of the building. The mesh is composed of 2045 triangular elements with varying mesh sizes. There are 1095 nodes in this mesh. The mesh refinement was carried out where the atmospheric boundary condition was applied. In addition to water content and temperature initial conditions, the vegetation parameters and the initial root distribution pattern should be applied to the geometry. The root distribution in the north angle is adapted manually based on the soil suction measurements in the north angle profile. One part of the roots is distributed up to 1m depth and the other part is mostly distributed between 2 and 3m depth. Since there are no suction measurements in the south angle of the building, a typical root distribution pattern is applied into the soil. The rooting depth and length are both fixed to 3.5m into the soil.

3.5.Results and comparison to field measurements

The comparisons of the simulation results with the filed observations are presented at the north and south angle of the building. Some observation points were assigned in the simulation of the north angle at the exact same position of the probes. Figure 11-a shows the comparison of the simulated and measured soil suctions close to the tree and the building at the north angle. It is observed that the simulations are generally in coherence with the observations. Sudden peak values are observed both in the simulation and the measurements which correspond to the root water uptake effect. The overestimation of the peak values of suction is because the maximum capacity of the soil suction sensors is limited to 250 kPa which means that the exact value could potentially be greater than 250 kPa. On the other hand, the comparison between the simulated and measured soil suctions close to the building is also investigated. It can be observed that the simulation shows good agreement with the measurements, indicating small range of suction changes (20 kPa) over time because the soil in this area is not influenced by the root water uptake generated by the tree. The variations are influenced by climatic parameters to 1.5 m depth. However, deeper suction probes show almost no variations over time.

Figure 11-b shows the comparison of the simulated soil volumetric water content with the measurements close to the surface at both angles of the building. It can be first noticed that the two plots show approximately the same values both for the simulation and the observations expect in some periods were the soil becomes saturated. This could be related to the fact that the chosen meteorological data from the nearest station does not exactly represent the actual mass balance at the soil surface. Also, the hydraulic properties in the first layer are estimated which is also another reason that justifies the underestimation of the simulation. Globally, there is an acceptable agreement between the simulation and in situ field data during hot periods (lower water content). The sensors malfunctioned from 02/2013 to 08/2013 and thus no data was available to show in this period.

Figure 11-c shows the comparison between the simulated and measured soil temperatures at the north angle of the building at 1.5m depth. It is observed that the simulated soil temperature values follow the measured temperature variations for the first year however, from early 2013 to early 2014, the coherence cannot be observed. Furthermore, the simulation results agree well with the observations from 08/2014 to 10/2015. Generally, a sinusoidal variation is expected from the measurements which are not observed in none of these plots. This could be related to the fact that the additional probes installed in 2013 would have disturbed the probes and their measurements accuracy. It should also be mentioned that the error could be related to the fact that the soil thermal parameters were not directly measured on the site and were supposed as typical parameters for different soil types. Additionally, the model doesn't consider the flow in total gas phase. The flow is defined by Richard's equation (equation 2-a) which assumes that the total gas pressure is equal to the atmospheric pressure. Another reason could be the fact that the sensors begin to malfunction after installing additional ones in early 2013.

Based on the comparison of the first-year results from 09/2011 to 09/2012, it can be justified that the error from the simulation is almost negligible. Considering the unusual changes after this time, the error could most certainly be related to sensors disturbance.

Figure 11-d shows the comparison between the simulated and measured soil movements at three different depths (1, 2 and 3 m) by the extensometer installed in the north angle of the building. The simulation was carried out using the parameters listed in Table 4 and the initial condition of the simulation was fixed to 09/2011 even though the measurements of the soil movements started at 02/2014. It can be generally observed that there is an acceptable agreement between the simulation results and the data. The soil movements at 1 m depth show the highest variation while this variation tends to stabilize at the end of the monitoring period. This could be related to the fact that in cold periods, the changes in soil suction are not significant enough to trigger a considerable soil movement. However, most of the soil movements are observed during warm periods of the year particularly when there is a seasonal transition between warm and cold periods (rainfall and evapotranspiration). Generally, in the actual state of the building, even the small range of variation could cause additional damage to the building.

Therefore, the proposed approach shows an acceptable coherence with the measured variables at the site for the soil water content, temperature, suction, and soil movement. include one mitigation scenario leading to a very low forcing level (RCP 2.6), two stabilization scenarios (RCP 4.5 and RCP 6), and one scenario with very high greenhouse gas emissions RCP 8.5 [START_REF]IPCC -Intergovernmental Panel on Climate Change[END_REF].

In this section, three RCP climate change scenarios (RCP 2.6, 4.5 and 8.5) are used for the projection of the climatic parameters and for evaluating the future soil physical variables at the experimental site [START_REF] Assadollahi | Long-term behaviour of natural clays in a building foundation under climate change scenarios[END_REF] and [START_REF] Assadollahi | The impact of climatic events and drought on the shrinkage and swelling phenomenon of clayey soils interacting with constructions[END_REF]. The projected climatic parameters until 2050 are used in this analysis [START_REF] Drias | Drias Les Futures du Climat[END_REF]. The calculation was carried out using daily projected data (Figure 12). Considering the same volume change and vegetation parameters and the sinusoidal leaf area index function with the crop coefficient adjusted to climatic parameters as described previously, the reference evapotranspiration and the crop evapotranspiration can be determined for each of these three scenarios. 

4.2.Short-term analysis

Figure 13 shows the projected cumulative soil movements along with the daily rainfall and 3 month moving average of the air temperature in each considered scenario during the short term. It can be observed in Figure 13-a that the maximumm differential movement in the RCP 2.6 scenario occurs at 06/2020 when the movements in the north angle are followed by a considerable swelling of the soil. This is related to the amount of rainfall in this scenario. The maximum differential movement is about 0.9 mm which is approximately the same as the historical records calculations (09/2011-09/2017). The maximum diffierential movement in the RCP 4.5 scenario take place at 02/2020 which is earlier compared to the RCP 2.6 scenario as shown in Figure 13-b. The maximum value is about the same as RCP 2.6 (0.8 mm). Figure 13-c shows the calculated soil movements with the RCP 8.5 scenario. The calculations indicate that the maxmimum differential movement occurs at 11/2017 following a swelling of the soil under the foundation of the north angle. It occurs also earlier than the two other scenarios with a maximum value of 0.8 mm which is the same as RCP 2.6 and 4.5. Therefore, it can be deduced that event thought the RCP 4.5 scenario showed more influence on the physical variables but the maximum differential soil movements in each scenario are approximately the same. However, the RCP 8.5 scenario indicates that the maximum differential movement will occur earlier than the other two scenarios. The comparison of the differntial soil movements is also carried out close to the trees at 2 and 2.3 m depth in both sides of the building. It can be shown in Figure 13-d that the maximum differential movement in the RCP 2.6 scenario is about 4 mm and occures at 09/2019. This is due to the soil suction generated by the root water uptake and eventually the associated evapotranspiration. As shown in Figure 13-e, the maximum differential movement in the RCP 4.5 scenario is about 4.4 mm which is larger than the RCP 2.6 scenario and occures earlier at 09/2018. The same amount of differential soil movement is genetared in the next years during the summer time. Figure 13-f indicates that the maximum differential movement in the RCP 8.5 scneario is about 2.2 mm which occurs at 01/2020. It should be mentioned that there is a constant differential movement of about 2 mm during the shortterm which is due to the to the fact that the imposed climatic conditions do not generate the same amount of transpiration rate as the RCP 2.6 and RCP 4.5 scenario.

It can be deduced form this comparison that the RCP 4.5 scenario will generate larger differential movements in the short term compared to the RCP 2.6 and 8.5 scenarios in the presence of an external environmental element like the trees in this case. However, considering the differential soil movements under the foundations of the building, it can be deduced that the RCP 8.5 could be the worst-case scenario in the short term due to the numerous fluctuations and the maximum movement that occurs earlier than the two scenarios during the simulation period.

4.3.Long-term analysis

Similar to the short-term evaluation, the long-term differential soil movements are also evaluated. Figure 14 shows the long-term differential soil movements along with the three RCP scenarios. It can be observed that the maximum differential movement is approximately the same for each scenario (0.9 mm-1 mm). However, the maximum differential movement takes place in a different time in each scenario. In the RCP 2.6 scenario, the maximum differential movement takes place close to the end of the simulation period as shown in Figure 14-a. The RCP 8.5 scenario shows that the earliest maximum differential movement of the soil is generally followed by shrinkage and swelling phases during the simulation period as shown in Figure 14-c. It should be mentioned that the long-term movements are in the same range of the short-term differential movements due to the normal suction changes over time. It can be deduced from the long-term analysis, that the differential soil movements under the foundation soil are similar to the short-term analysis based on the variation range in the simulation. Additionally, the shrinkage and swelling trends are mostly observed in the RCP 8.5 scenario and the maximum differential movement is observed earlier as well as in the short-term analysis. Therefore, the RCP 8.5 scenario could potentially be the worst-case scenario. However, considering the differential soil movements influenced by the trees, the long-term analysis is not comparable to the short-term analysis due to the considerable shrinkage phases in each scenario. In addition to that, based on the maximum differential movement, the RCP 4.5 scenario could potentially be the worst-case scenario in the presence of external environmental stress like the root water uptake in this specific case.

Conclusion

To develop a simple approach for the shrinkage and swelling phenomenon, this research work presented a comprehensive numerical approach for modelling the in-situ soil movements under Soil-Vegetation-Atmosphere (SVA) interaction conditions. The meteorological data were used to construct the hydro-thermal time variable boundary conditions using the mass balance and energy balance equations. An existing Feddes model was used to take into account the root water uptake effect on the hydro-thermal variables. A linear volume change model was used to relate the soil suction time series to the soil void ratio based on the literature experimental results. The volume change behavior of the soil was determined by analyzing 59 laboratory tests to correlate the slopes of the linear model (ks and λs) to the basic geotechnical properties.

The established methodology was then tested by comparing the simulation results with the provided data from an instrumented site. The comparison with the hydro-thermal variables showed an acceptable agreement both in the south and north angle of the building. The simulated soil movements were also in agreement with the field measurements which confirmed the good capacity of the proposed approach as well.

To assess the future evolution of the soil movements, the climatic parameters were projected until 2050 using three RCP scenarios. Results in the short-term evaluation indicated that the RCP scenarios did not show considerable changes expect in the RCP 4.5 scenario. However, in the long-term evaluation, the RCP 8.5 scenario showed a cyclic behavior which could potentially have more impact on the soil and consequently on the building. The differential soil movements close to trees reached considerable values in all three scenarios and the differential soil movements under the foundation soil were mostly important in the RCP 4.5 and 8.5 scenarios. The differential movements close to the trees could potentially affect the building in the long-term due to the root water uptake. It can be concluded that this kind of analysis is helpful to prevent damages on lightweight constructions and to consider these environmental factors in their designing phase. 
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 1 Figure 1: Modelling approach of the volume change behavior of an unsaturated soil subjected to wetting drying cycles at a) loose state and b) dense state
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 2 Figure 2 : Correlation of Q with basic geotechnical parameters: a) Plasticity index; b) void ratio; c) Saturation water content; d) dry density.
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 3 Figure 3: Correlation of = with basic geotechnical parameters: a) Plasticity index; b) void ratio; c) Saturation water content; d) dry density.
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 4 Figure 4: Linear regression of the predicted and the observed a) Q and b) = .
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 5 Figure 5 : Flowchart of the adapted modelling approach

  Figure 7-a shows the 2D vertical profile (A-A' cross section) of the north angle with the tree located 5 meters away from the building. The red points show the primary soil matrix potential sensors installed close to the tree and the building. The blue points show the soil moisture sensors installed close to the surface. The yellow points show the temperature probes and the green points indicate the location of additional soil matrix potential sensors installed in 2013. Based on the measurements of the retention
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 77 Figure 7 : 2D profile of the geological formation a) at the north angle (A-A' cross section) and b) at the south angle (B-B' cross section).

Figure 8 :

 8 Figure 8 : Shrink-Swell curve in (water content -void ratio) plane of three soil samples collected from the Roaillan site.

Figure 9 :

 9 Figure 9: Climatic parameters of the Roaillan experimental site: a) Rainfall [mm day -1 ] b) Air temperature [°C] c) Relative humidity (RH) [-] d) Wind speed at 10 m height [m s -1 ] e) Global solar radiation (Rs) [W m -2 ] (MERRA dataset tool)

Figure 10 :

 10 Figure 10: The adapted geometry and triangular meshing of a) the north angle and b) the south angle geological formation of the site along with the applied boundary conditionsThe initial conditions of the model are set based on the measured water content, soil suction and soil temperature at different depths. The water content distribution is based on the water content measurements close to the surface. However, a linear distribution of the soil temperature is adapted for initial temperature conditions starting from 25 °C at the top and finishing at 13 °C at the bottom. This distribution in the soil profile is in coherence with the first observed value of the temperature sensor in 09/2011, which shows a value of 20 °C at 1.5m depth. At the south angle, the water content distribution is adapted based on the first measurements by H1, H2 and H7 at three different parts of the profile (close to the tree, close to the building and under the foundation). A linear distribution is applied to estimate the initial temperature profile. The same conditions as the north angle profile (25 °C at the top and 13 °C at the bottom) are applied in this case.
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 1141 Figure 11: Comparison of the time series measurements and the simulation a) Soil suction, b) Soil volumetric water content, c) Soil temperature and d) Soil Movement

Figure 12 :

 12 Figure 12 : Calculated time variable boundary conditions of the experimental site with three RCP scenarios: a) Infiltration rate (P-ET0) b) Soil surface temperature

Figure 13 :

 13 Figure 13: Short-term differential soil movements under the foundation (1m depth) and close to the tree (2 and 2.3m depth) using: a) and d) RCP 2.6 scenario; b) and e) RCP 4.5 scenario; c) and f) RCP 8.5 scenario

Figure 14 :

 14 Figure 14: Long-term differential soil movements under the foundation (1m depth) and close to the tree (2m and 2.3m depth) using: a) and d) RCP 2.6 scenario; b) and e) RCP 4.5 scenario; c) and f) RCP 8.5 scenarioThe evaluation is also carried out for the soil movements close to the trees. The results indicate that the long-term differential soil movements are clearly different from the short-term results. The differential soil movements have a negative trend during the simulation process. The maximum differential movement takes place in the RCP 4.5 scenario (22 mm) as shown in Figure14-e. The RCP 2.6 scenario shows a maximum differential movement of about 19 mm as shown in Figure14-dand the RCP 8.5 scenario generates 17 mm of differential movement at the end of the simulation period. It should also be mentioned that the beginning time of the shrinkage phase is different in each scenario which takes place earlier in the RCP 4.5 scenario compared to the other two scenarios.

Figure A1 :

 A1 Figure A1: Flowchart of the volume change simulation process

Table 1 :

 1 Regression statistics of the volumetric indices.

	Error metrics Mean absolute deviation (MAD)	h i 0.000283	j i 9.79E-18
	Mean squared error (MSE)	5.82E-6	1.67E-5
	Root mean squared error (RMSE)	0.00241	0.00408
	Coefficient of determination (R 2 )	0.902	0.92

Table 3 :

 3 Hydrothermal input soil parameters

	Building Angle	Layer	Depth [m]

Table 4 :

 4 Volume change parameters of the soil at both angles of the building

	Angle	Layer 1	PI [%] 36	LL [%] 71	SL [%] 17	w [-] e[-] 0.46 0.95 1.38 [Mg m -3 ] ' ˆ	h i -0.0381	j i -0.0596	' ‡ƒ [kPa] 112.55	' i"ƒ"•h [kPa] 548.43
	North	2	39	69	14	0.33	0.89 1.42	-0.0371	-0.0541	134.96	4678.76
		3	36	65	22	0.33	0.89 1.42	-0.0359	-0.0532	134.96	1070.1
		1	52	85	21.5	0.45	0.95 1.38	-0.0467	-0.0647	112.55	1153.5
	South	2 3	41 41	70 68	20 18	0.45 0.42	0.89 1.42 0.89 1.42	-0.0395 -0.0391	-0.0575 -0.0568	134.96 134.96	1460.6 2060.07
		4	25	49	18.5	0.42	0.6	1.68	-0.0358	-0.0409	439.4	1883.8

Table 5 :

 5 Vegetation parameters of the experimental site[START_REF] Allen | Crop evapotranspiration-Guidelines for computing crop water requirements-FAO Irrigation and drainage paper[END_REF].

	Parameters	North	South
		angle	angle
	Kcini	0.6	0.6
	Kcmid	1.05	1.05
	Kcend	0.85	0.85
	Initial stage [day]	25	25
	Development stage [day]	40	40
	Mid-season stage [day]	240	240
	Late season stage [day]	60	60
	˜™š ›		

Table A2 :

 A2 Literature data of the volumetric indices at different loading condition under drying wetting cycles.

	References Elkady et al. (2013) [58]	Material Al Qatif clay	h i -0.03689 -0.027125 -0.01519	j i -0.1909 -0.16275 -0.10416	Applied stress Q [kPa] 7 100 600
					-0.003609	-0.03663	25
	Zhou and Xu (2016)	Macau silty	-0.002519	-0.03539	50
	[73]			sand	-0.00165	-0.03445	100
					-0.000627	-0.033	200
	Estabragh (2015) [59]	et	al.	Clay	-0.03051 -0.02404 -0.023	-0.11068 -0.096 -0.093	1 6.25 10
				Low	-0.0135	-0.05	0
	Ng et al. (2016) [65]	plasticity	-0.002523	-0.003782	50
				clay	-0.002075	-0.002521	110
					-0.00818	-0.00967	10
	Sabbagh (1997) [69]	Madrid clay	-0.001128	-0.003671	150
					-0.000582	-0.0006671	500
	Monroy (2006) [74]	London clay	-0.009888 -0.001563 -0.0000091	-0.0231 -0.01173 -0.0058	7 65 220
	Nowamooz [19]	(2007)	Deffend clay	-0.006769 -0.00491 -0.004286	-0.02465 -0.02234 -0.01946	20 40 60

Table A3 :

 A3 Fitted A and B parameters for ks and λs along with the plasticity index, the liquid limit and the volumetric indices at zero stress conditions.

	References	A	h i	B	A	j i B	LL [%]	PI [%]	h i{	j i{
	Elkady et al. (2013) [58]	0.0048		-0.047	0.0188 -0.2338	137 77	-0.0368	-0.1909
	Zhou and Xu (2016) [73]	0.0014		-0.0081 0.0017 -0.0421	38	10	-0.0036	-0.0366
	Estabragh et al. (2015) [59] 0.0033		-0.0304 0.0078 -0.1106	88	57	-0.03051	-0.1106
	Ng et al. (2016) [65]	0.0017		-0.0096 0.0021 -0.012	36	19	-0.0135	-0.05
	Sabbagh (1997) [69]	0.0021		-0.0126 0.0023 -0.015	70	31	-0.00818	-0.0096
	Monroy (2006) [74]	0.003		-0.0152 0.005	-0.0328	83	54	-0.009888 -0.0231
	Nowamooz (2007) [19]	0.0023		-0.0136 0.0046 -0.0517	85.6 31.92 -0.00676	-0.0246

Table A4 :

 A4 Calculation of the building's load

	Load	Units	North angle	South angle
	Total dead Load Live load Serviceability limit state load Applied load per unit area	∑ • ž [kg m -1 ] R ž [kg m -1 ] n ¥ž¥ = • ž + R ž [kg m -1 ] n = ¦ §¨ § © A [kPa]	3591 250 Ÿkg m -2 ¢ × 4.64 2 4148.5 4148.5 0.5 = 81.36 ¤ = 557.5	4397 150 Ÿkg m -2 ¢ × 7.64 2 4970 4970 0.5 = 97.47 ¤ = 573
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List of notations ET0

Reference evapotranspiration, [mm day -1 ] P Rainfall, [mm day -1 ] T > ª Infiltration rate, [mm day -1 ]

Rn

Net solar radiation at the crop surface, [W m -2 ] or [MJ m -2 day -1 ]

Rs

Global solar radiation, [W m -2 ] or [MJ m - Volumetric heat capacity of the porous medium (soil), [

Soil thermal conductivity, [Wm - )

Volumetric fraction, [-]

) Volumetric fraction of the soild phase

Volumetric fraction of the organic phase