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Table 1. Relationships and Experimental models between Petrophysical, Geomechanical and Electrical Resistivity
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3 Rock Quality Designation
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Fig. 1. Core extraction and rock samples preparation
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Fig. 2. Electrical resistivity estimation of core samples using perimeter electrodes (a-two electrodes, b-four electrodes);

Current electrodes A & B and potential electrodes M & N
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Fig. 3. Rock failure modes under uniaxial compression (d=54.88 mm, h=150 mm)
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Table 2. the result of normality tests for data

UCS VBP RES
N 30 30 30
Normal Mean 48.362 | 48.826 4374343
Parameters?® Std. Deviation 29.862 46.112 6428.260
Kolmogorov-Smirnov Z 0.819 0.600 1.377
Asymp. Sig. (2-tailed) 0.513 0.864 0.045
a. Test distribution is Normal.
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Table 3. Pearson correlation coefficient and interpretation in SPSS

UCS VBP RES
UcCsS 1.000 -0.695 0.966
Pearson Correlation VBP -0.695 1.000 -0.795
RES 0.966 -0.795 1.000
UCS . 0.019 0.000
Sig. (1-tailed) VBP 0.019 . 0.005
RES 0.000 0.005 .
UCsS 24 24 24
N VBP 24 24 24
RES 24 24 24
Lools s ob g0l gubs F Joao
Table 4. the result of collinearity diagnostics in SPSS
Unstandardized Standardized
Model Coefficients Coefficients t Sig.
B Std. Error Beta
(Constant) 0.025 9.518 - 0.003 0.998
1 VBP 0.168 0.133 0.196 1.263 0.254
RES 0.006 0.001 1.122 7.220 0.000
a. Dependent Variable: UCS
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Table 5. Resistivity, VBP and UCS values

Sample S.ample Compressive Volumetric. Density | Porosity | Resistivity | Rock
(No.) X Y diameter strength block proportion (g/em3) (%) (kQ m) type
(mm) (MPa) (%)

1 488854 | 3529352 14.5 434 23.8 2.78 0.07 9657.2

2 488852 | 3529249 14.5 70.1 18.2 2.73 0.12 5646.1

3 488845 | 3529141 73 20.6 76.7 2.39 4.21 113.6

4 488846 | 3529049 73 15.5 77 2.43 2.56 196.5

5 488843 | 3528949 24.4 34.8 22.8 2.77 0.08 9059.2

6 488841 | 3528847 24.4 34.6 28.5 2.73 0.12 5424.8

7 488837 | 3528746 76 77.2 7.8 2.80 0.06 12317.3

8 488834 | 3528645 76 63.8 7.2 2.86 0.03 24677.4

9 488834 | 3528549 76 47.1 10.6 2.85 0.03 21992.5

10 488831 | 3528447 76 86.6 8.5 2.78 0.08 9399.2

11 488826 | 3528345 40.5 15.1 94.4 2.17 38.10 10.1 o2
12 488825 | 3528246 30.1 11.5 74.6 2.47 1.82 285 =
13 488820 | 3528147 30.1 47.2 50.4 2.75 0.10 7033.6 g
14 488819 | 3528047 30.1 41.2 77.6 2.17 40.29 9.5 &
15 488813 | 3527945 30.1 9.8 76.3 2.66 0.24 2652.5

16 488813 | 3527847 24.4 33.8 56 2.68 0.20 3312.7

17 488808 | 3527747 244 26 23.1 2.79 0.07 11091.3

18 488807 | 3527667 24.4 11.9 88.2 2.65 0.26 2388.9

19 488806 | 3527586 24.4 23.5 96.6 2.07 108.44 32
20 488806 | 3527485 37.8 13.5 68.3 2.46 2.00 2573
21 488804 | 3527385 101.3 12.1 70 2.25 17.60 23.6
22 488827 | 3529918 101.3 16.1 75 2.17 40.68 9.4
23 488817 | 3529899 62.6 13.1 54.5 2.58 0.55 1067.4
24 488798 | 3529877 43.6 17.7 70.7 2.62 0.36 1699
25 488782 | 3529862 54.36 192.9 12.4 2.60 0.47 1250.8
26 488766 | 3529850 54.7 63.5 2535 231 9.14 48.5
27 488751 | 3529835 54.8 79.5 9.25 2.37 4.97 94.7 g
28 488739 | 3529815 54.74 57.3 48.5 2.36 5.64 82.5 g
29 488735 | 3529788 54.42 187.58 69.27 2.56 0.69 828.4

30 488870 | 3529508 54.88 97.8 29.3 2.53 0.93 598.1
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Fig. 4. the relation between UCS and resistivity in the laboratory datasets
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Fig. 5. the relation between UCS and resistivity for the core samples having VBP of 25-75% in the laboratory datasets
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Fig. 6. Comparison of measured and predicted UCS values by using the simple regression analysis in the validation data set
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Table 6. Model Summary of UCS

R R? Adjusted Durbin-Watson
R Square
0.9732 0.947 0.929 2.250

a. Predictors: (Constant), RES, VBP

b. Dependent Variable: UCS
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Table 7. Evaluation and validation of the proposed model in the testing step for prediction of UCS

Model RMSE

R Square GMER

1 8.683

0.8913 0.911
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Fig. 7. the relation between VBP and UCS in the training data set
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Abstract

Petrophysical and Geomechanical properties of rocks are important parameters in the design of
engineering works and classification of rocks for engineering purposes. Recent studies indicate that
geophysical methods, especially seismic and electrical, are able to estimate mechanical parameters and
recognize spatial variations. In this research, to develop a predictive model for the uniaxial compressive
strength (UCS), special electrodes were installed on the saturated core samples and simultaneously, the
uniaxial compressive strength test and electric current flowing through the samples was done and
variation of electrical resistivity during loading was measured in the laboratory. The results indicated
that the structure and texture of rock had an important effect on the resistivity behavior during a
mechanical loading. In this study, thirty core samples from the Fault breccias and Bimrocks (Block-in-

matrix-rocks), were collected from different locations of Sabzkouh tunnel route in Chahar Mahal and
Bakhtiari Provence. Regression analysis showed that there were generally strong correlations between
the UCS and Resistivity in the samples having volumetric block proportion (VBP) of 25-75%. Multiple
regression equations were derived for the prediction of UCS based on the resistivity and VBP values.
The coefficient of determination (R2) and the root mean square error (RMSE) and the geometric mean
error ratio (GMER) indices were calculated as 89.13%, 8.683 and 0.911, respectively, to characterize
the prediction performance of the MLR model. The statistical test showed that the MLR model was

valid and acceptable for predicting UCS.

Keywords: Petrophysics, Geomechanics, Resistivity, Block Volume Ratio, GMER

Introduction

Direct methods of  determining the
geomechanical properties of rocks, in addition to
being time-consuming and expensive, determine
geomechanical parameters locally. Apparent
electrical resistivity is one of the non-destructive
geophysical methods utilized in laboratory and
field scales. In recent years, the results of studies
indicate that geomechanical and petrophysical
parameters can be estimated based on common
geophysical methods and their spatial changes
can also be predicted.

Monitoring the changes of specific electrical
resistance values during UCS tests in core
samples prepared from granite stones showed
that with the increase in the number of laboratory
samples, there is a significant logarithmic
correlation between the experimental data. The
statistical analysis of the experimental data of 24
pyroclastic rock samples indicated a significant
correlation between the specific resistivity and

the rock properties including, UCS, Brazilian
tensile strength, density, and porosity. To
determine the petrophysical and geomechanical
properties of igneous rocks using the geoelectric
method; electrical resistivity, rock mechanical
properties (P-wave velocity, dry density, and
porosity), and UCS values of 48 different
igneous rock samples (plutonic, volcanic, and
pyroclastic) were measured in the laboratory.
Based on the results of statistical analysis,
electrical resistivity showed a significant
exponential correlation with porosity values of
igneous rock samples and a significant
logarithmic correlation with other mechanical
properties. Therefore, geoelectricity can be
utilized as a non-destructive method to evaluate
the engineering properties of rocks, especially in
situations where it is not possible to regularly
obtain rock samples from an outcrop or an
ancient building due to the impossibility of
destruction.
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Materials & Methods

The purpose of the present research is the
integration of geoelectrical and geomechanical
data to increase the level of confidence in the
results of geoelectrical studies and to provide an
optimal model for predicting the UCS of rock
utilizing electrical resistivity measurements. In
this study, thirty core samples from the Fault
breccias and Bimrocks (Block-in-matrix-rocks),
were collected from different locations of
Sabzkouh tunnel route in Chahar Mahal and
Bakhtiari Provence. In this research, to develop
a predictive model for the uniaxial compressive
strength (UCS), special electrodes were installed
on the saturated core samples and
simultaneously, the uniaxial compressive
strength test and electric current flowing through
the samples was done and variation of electrical
resistivity during loading was measured in the
laboratory.

Discussion

In this research, after collecting data related to
two groups of results the data was divided into
two series of training (80% of data) and testing
(20% of data). To model and predict the UCS of
the stone based on the specific resistivity, the
relationship between the data, and the results of
the experiments with linear multivariate
regression methods and artificial intelligence
methods utilizing Excel and MATLAB software
was extracted and model accuracy was evaluated
using factors such as R2, RMSE, GMER, and RI.
In this research, SPSS software was employed
for statistical analysis. Using the laboratory data:
the correlation between the parameters was
investigated. The UCS values were correlated
with the corresponding apparent electrical
resistance values, but no strong correlation was
found between them. However, for samples with
a VBP of 25-75%, there is a strong correlation.
There is a relatively good relationship between

VBP and UCS parameters and apparent
resistivity in the training data set. To investigate
the simultaneous effect of VBP parameters and
apparent resistivity in the estimation of UCS, the
multiple regression relationship between them
was investigated (Eq. 1).

UCS = 0.025 + 0.006p + 0.168VBP

The correlation coefficients of the UCS model
are given in Table 2. According to the results of
this research, the presented model with the
coefficient of determination of 94.7%, the
adjusted coefficient of determination of 92.9%,
and the Durbin-Watson coefficient of 2.25 has
efficiency and the regression is significant at the
1% level therefore, the model can properly
predict UCS. The extracted relationship was
applied to the test data set obtained from the new
laboratory data, the model evaluation results are
given indicates the comparison results of the
measured UCS values with the predicted values
in these data. The value of GMER in the model
is less than one, which indicates the
underestimation of the model, and the
correlation coefficient is §9.13%.

Conclusion

Multiple regression equations were derived for
the prediction of UCS based on the resistivity
and VBP values. The coefficient of
determination (R2) and the root mean square
error (RMSE) and the geometric mean error ratio
(GMER) indices were calculated as 89.13%,
8.683 and 0.911, respectively, to characterize the
prediction performance of the MLR model. The
statistical test showed that the MLR model was
valid and acceptable for predicting UCS. It was
also found that non-destructive tests are a
suitable method for estimating UCS values, and
by utilizing them, it is possible to avoid
expensive, time-consuming, and destructive
tests to estimate this parameter.



