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Keywords  Abstract 

Elastic properties (Young's modulus and Poisson's ratio) represent important 

parameters in geomechanical investigations of reservoirs and hydrocarbon 

fields. These parameters can be calculated using common geomechanical 

tests in the laboratory. However, due to the lack of access to suitable 

samples, laboratory equipment, and high costs, in many cases, empirical 

equations, and statistical and mathematical methods have been used to 

estimate these characteristics. We present a Digital Rock Simulation (DRS) approach using high-resolution 

CT images to estimate Young's Modulus and Poisson's ratio of carbonate samples following a non-

destructive approach. In the numerical simulations we use a voxel model of reconstructed 3D geometry that 

is evaluated using Finite Element Method (FEM). We extract Representative Volume Elements (REV) of 

Kangan carbonates with different porosity and mineralogy. In laboratory experiments, we quantified the 

modulus based on Axial Stress-Axial Strain Curve that was obtained from Triaxial Compression Tests. 

Finally, we compare the simulation results and laboratory measurements. Our analysis shows that obtained 

Young's Modulus of modeling are between 4.3% and 18.9% higher than compared to the results of 

laboratory tests. The highest error is related to the samples with the more porous, which are mainly 

dolomite. The assumptions about solid fraction properties regarding to mineralogy differences remains 

challenging. 
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1. Introduction  
A comprehensive understanding of elastic 

properties of reservoir rocks as the most important 

hydrocarbon reservoir rocks in the world is 

essential in all stages of exploration and 

exploitation [1,2]. While direct measurements are 

the most reliable, they are often impractical due to 

limited sample numbers, high costs, and 

expensive equipment. Therefore, several 

researchers focused on estimating these 

parameters using different indirect methods based 

on statistical, mathematical and numerical 

methods. [3,4,5,6,7]. In recent decades, making 

and using Digital Rock Physics has been given 

attention by various researchers. [8,9,10] 

 

2. Methodology 
In this study, 19 samples with differences in 

mineralogy (consisting of Calcite, Dolomite, and 

Anhydrite) and porosity (between 2 and 34%) 

have been selected for micro-CT scanning. Also, 

porosity and mineralogy have been obtained by 

using laboratory measurement. Using the 2D CT 

images 3D samples have been made by Avizo. In 

the next step, a cubic was selected as a 

representative element volume and converted into 
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suitable geometries for importing Abaqus using 

VoxTex software. After preparing the geometry 

(voxel file), the elastic properties of the samples 

are analysed using a script written in ABAQUS 

software. To extract the stiffness matrix in the 

homogenization process, it is necessary to apply 6 

types of loading. For this reason, 6 static steps 

were created and 3 tensile loads and 3 shear loads, 

were applied to the sample in these 6 steps. After 

completing the job and solving the problem in all 

6 steps, its output, which includes the stress and 

strain fields at the end of each step in the sample, 

was processed by a C++ code. The purpose of this 

post-processing is to homogenize and obtain the 

effective properties of the material. 

 

3. Results and Conclusions 
The results of modeling compared to the results of 

laboratory tests show higher values between 4.3 

and 18.9 percent. Although the data in the graph 

shown in is very scattered, the most error is related 

to the samples with the highest porosity values. 

These samples are mainly dolomite. Since the 

samples were divided into 4 groups based on 

mineralogy, Table (1) shows the average error 

percentage in each group.  

According to the data, the lowest error percentage 

is in calcite samples (more than 90% calcite) and 

the highest error rate is related to dolomite 

samples (more than 90% dolomite). According to 

the obtained results, this method can be 

considered successful for the general estimation 

of elastic properties in reservoir carbonate rocks. 

However, this method like other numerical 

modeling has some uncertainties. Therefore, 

using this method suggests as a complement for 

laboratory measurements. 

Table 1. Average error percentage based on mineralogy 

Mineralogical groups  
Number of 

sample 

Average 

error 

percentage 

More than 90% calcite 3 5.02 

More than 70% calcite 

More than 20% dolomite 
3 10.92 

Between 60-90% 

dolomite and between 

10-40% anhydrite 

6 9.32 

More than 90% dolomite 7 12.88 
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