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Introduction
We present an integrated study for the characterization of complex geometry, fluid transport features and mechanical deformation at micro-scale and the upscaling of properties using microtomographic data.
Methodology
We integrate microstructural characterization by the volume fraction, specific surface area, connectivity (percolation), shape and orientation of microstructures (Liu et al., 2016). Fractures can be characterized individually rather than in the form of an intersected network using our newly developed technique of identifying, segregating individual fractures from a 3D fractural network.
We use stochastic analyses of microstructures to determine the geometric RVE (representative volume element) of samples (Liu et al., 2009). We determine the size of a thermodynamic RVE by computing upper/lower bounds of entropy production through Finite Element (FE) analyses on a series of models with increasing sizes (Regenauer-Lieb et al., 2010). The minimum size for thermodynamic RVE’s is identified on the basis of the convergence criteria of the FE simulations. 
Upscaling of properties is performed by means of percolation theory (Liu and Regenauer-Lieb, 2011). The percolation threshold is detected by using a shrinking/expanding algorithm on static micro-CT images of rocks. Parameters of the scaling laws, such as the fractal dimension and critical exponents, can be extracted from quantitative analyses and/or numerical simulations on a series of models with similar structures but different porosities close to the percolation threshold. 
Results 
Petrophysical properties (permeability and mechanical parameters, including plastic strength) are computed numerically on RVEs if thermodynamic convergence criteria are fulfilled. 
Different rock samples are analyzed. Characterizing parameters of porous/fractural rocks are obtained. 
Synthetic derivative models of the microstructure are used to estimate the relationships between porosity and mechanical properties. Results obtained from synthetic sandstones show that yield stress, cohesion and the angle of friction are linearly proportional to porosity (Figure 1) (Liu et al., 2018). 
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Figure 1: (a) Equivalent plastic strain of a slice in a mechanical RVE of a synthetic sandstone sample; (b) porosity versus plastic parameters.
In a group of carbonate samples, the critical exponents of permeability and yield stress are extracted, which are different from the theoretical values conducted from random models (Liu et al., 2014). In a group of shale samples, fractures are identified, segregated and characterized. Fractures in all samples also present good fractal dimensions, and the fractal dimensions are relevant to the temperature and pressure of the samples experienced (Qi et al., 2018). 
Conclusions
Our integrated study shows that digital rock technology can provide meaningful parameters for effective upscaling if thermodynamic volume averaging satisfies the convergence criteria. For strongly heterogeneous rocks, however, thermodynamic convergence criteria may not meet; a continuum approach cannot be justified in this case.
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