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Abstract: Rock mass classification systems are simple but valuable tools for the qualitative and quantita-

tive classification of rock masses and for the planning of the fortification of mining excavations. Unfortu-

nately, in the prefeasibility phase, not all the information needed for a preliminary project evaluation is 

always available, and one of the few available information is the RQD, however, although it is very nec-

essary to determine the GSI to analyze the failure criteria, it is difficult to obtain at this stage of the pro-

ject. Although several correlations between the different classification systems have been identified, the 

most abundant ones are those relating GSI as a function of RMR and as a function of Barton’s Q. As for 

GSI relationships as a function of RQD, only three recent relationships are available: Hoek et al. (2013), 

Santa et al. (2019), and Xia et al. (2022). Therefore, this study presents a correlational analysis of the GSI 

and RQD classification systems, using robust nonparametric statistics, with the aim of determining an 

expression to estimate GSI in the field. Among the results, it is highlighted that better GSI prediction 

results are obtained when 25% < RQD ≤ 87%, with a maximum error of ±14 points, improving the esti-

mation accuracy by 62% with respect to current proposals. Despite the above, the difficulty of interpret-

ing more accurately the specific geological characteristics of each rock mass remains. 

Keywords: GSI, geotechnics, RQD, classification of rock mass, correlation 

1. INTRODUCTION 

Rock mass classification systems are simple but highly valuable tools for the qualitative 

and quantitative classification of relevant parameters for rock mass engineering design 

and excavation fortification planning. These systems are based on tests and field obser-
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vations (Rodríguez et al. 2018; Hassanpour et al. 2022; Sachpazis 1986). This classifica-

tion is essential for mining engineering and to contributes to the development of ge-

otech- 

nical applications, for which the classification systems RMR, MRMR, Q, GSI, among 

others, have been proposed, and whose purpose has been to contribute to the improve-

ment of the stabilities of natural and anthropic constructions (Garzón-Roca et al. 2021). 

Unfortunately, in the early stages of the mining project cycle, such as Profile En-

gineering and Prefeasibility (or Conceptual Engineering), not all the information nec-

essary for a preliminary evaluation of the project is always available, and it is precise-

ly in these early stages, where information is scarce, that one of the few available 

information is the Rock Quality Designation (RQD), which is considered elementary 

information (Zhang 2016; Shen et al. 2014; Huaman et al. 2017). 

In many cases the RQD is the only rock mass classification index available at these 

stages of the project, since other classification methods are more expensive (due to 

the amount of additional laboratory tests that must be performed) and/or require a lot 

of experience of the professional who performs the observations (Santa et al. 2019). 

Such is the case of the RMR, Q, GSI methods. Thus, the use of empirical relation-

ships proposed throughout the history of geomechanical research is resorted to. 

Although several correlations between the different classification systems have 

been identified, the most abundant are those relating GSI as a function of RMR and as 

a function of Q, which require much more information and precision to determine. As 

for GSI relationships as a function of RQD, only three recent relationships are availa-

ble: Hoek et al. (2013), Santa et al. (2019), and Xia et al. (2022). 

This study presents an analysis of two of the currently used classification method-

ologies: Geological Strength Index and Rock Quality Designation, with the objective 

of determining a mathematical expression that allows quantitative and approximate 

estimation of GSI in field work, thus contributing to the estimation of rock massif 

quality classification in the prefeasibility stages of the mining project, since it is an 

indicator that will be used more and more frequently (Turner 2006). 

2. GEOMECHANICAL CLASSIFICATIONS 

2.1. GEOLOGICAL STRENGTH INDEX (GSI) 

Hoek et al., in 1998, proposed a new geomechanical classification system called the 

Geological Strength Index, whose objective was to categorize rock masses in the field 

through geological observations that could be quickly and easily performed by engi-

neers or geologists, to be used in the Hoek and Brown breakage criteria, since the 

results of the breakage criteria for low-quality massifs, using the Rock Mass Rating 

(RMR) classification system, did not seem reliable for this type of rock mass. The 
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procedure consisted of the analysis of samples of very delicate materials found in the 

construction of tunnels in Greece, where they managed to arrive at the current form of 

GSI (Marinos et al. 2005). From the study, Hoek states that the GSI is determined 

from geological field observations, comparing the appearance of the massif at the 

level of structure and surface condition. At the level of structure, the following are 

considered: the degree of alteration suffered by the rocks; union that exists between 

them and their cohesion. The surface aspects are alteration; erosion and/or type of 

texture; type of coating (Priest and Hudson 1976). 

 

Fig. 1. General chart for GSI estimates from geological observations (Marinos et al. 2005) 

Table 1. Description and characterization of rock mass for GSI (González de Vallejo et al. 2002) 

Rock mass quality Class Score/ranking 

Very poor V 0 ≤ GSI ≤ 20 

Poor IV 20 < GSI ≤ 40 

Fair III 40 < GSI ≤ 60 
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Rock mass quality Class Score/ranking 

Good II 60 <GSI ≤ 80 

Very good I 80 <GSI ≤ 100 

The results of these aspects are compared with those of Fig. 1 and it is recom-

mended to define a quantitative interval rather than a single value (Bieniawski 2011). 

The descriptions and scores assigned are shown in Table 1. 

2.2. ROCK QUALITY DESIGNATION (RQD) 

The procedure used started with the publication “Technical description of rock cores 

for engineering purposes” (Deere 1963) where he describes and categorizes the char-

acteristics of discontinuities: spacing, orientation, surface and fill, lithology, and 

hardness. He then drilled and measured the RQD, finally arriving at the expression 

that is known today, which is presented in Eq. (1). 

 
10

% 100
Length of core pieces cm

RQD
Total length of core run

 
  . (1) 

The 10 cm (4 inches) minimum sample limit was determined by the author (Deere) 

and his collaborators, who considered it the minimum recovery length for drilling in 

good quality rock mass, which contains three to four families of faults with moderate 

spacing (Deere 1963; Deere 1989). 

Deere’s original proposal is determined by the extraction and the continuity of the 

diamond core pieces recovered. This is an indicator of the degree of fracturing of the 

rock mass, through which the quality of the rock mass is classified (Table 2) and can 

be calculated from the Eq. (1). 

Table 2. Description and Characterization of Rock Mass for RQD 

(González de Vallejo et al. 2002)  

Rock Mass Quality Score/Ranking (%) 

Very poor RQD ≤25 

poor 25 < RQD ≤ 50 

Fair 50 < RQD ≤ 75 

Good 75 < RQD ≤ 90 

Very good 90 < RQD ≤ 100 

There are three limitations to the RQD: 

 Dependence of the RQD value on borehole orientation (Palmstrom 2005); 

 The extreme values of the RQD do not consider the joint distribution of the ex-

tracted drill cores; 

 The minimum recovered length of the core (4 inch ≈ 10 cm). 
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Despite the limitations described above, the RQD is still widely used in applied 

geomechanics and is even used as one of several input parameters for other massif 

classification systems, such as RMR and Q. 

Hoek, Carter, and Diederichs, in their research “Quantification of the Geological 

Resistivity Index chart” (Hoek et al. 2013) present a proposal for the quantification of 

the GSI based on other parameters, in this case, they associate it with the Joint Condi-

tion (Jcond.89) and the RQD. The research process consisted of generating a GSI graph 

associating the 5 divisions of surface quality to the Joint Condition of the RMR rock 

mass classification system of 1989 by Bieniawski; and then, associating the 5 divi-

sions of the block structure scale the RQD parameter of Deere (1964). This process 

enabled the authors to conclude a new empirical relationship, Eq. (2) (Hoek et al. 

2013). 

 .89

%
1.5

2
cond

RQD
GSI J   . (2) 

Based on Hoek, researchers Xia, Chen, Wang, Pang, and Liu perform a numerical 

estimation of the GSI values and the D parameter of the Hoek and Brown breakage 

criterion, using the RQD and the discontinuous surface condition (SCR) that depends 

on the infill, weathering, and roughness classifications of the rock to give correction 

and bring it closer to the original definition of GSI (Xia et al. 2022). The described 

and corrective relationship is the one expressed in Eq. (3). 

 
%

2.5
2

RQD
GSI SCR   . (3) 

Santa, Gonçalves and Chaminé, set out to contribute to the understanding of the GSI 

(version Hoek et al. 2013), for which they mapped and geotechnically analyzed the 

discontinuities of 300 m of subway gallery, in Portugal (Santa et al. 2019). 

They concluded that the GSI in its 2013 version tends to be more conservative than 

that of its original 1998 version. They also determined that RQD is more influential 

than Jcond.89 due to its magnitude, along with which they determined an empirical 

relationship between RQD and GSI in its 2013 version, which is observed in Eq. (4) 

and whose statistical correlation is high, and has no associated error in its estimation. 

 GSI2013 = 0.5886  %RQD + 21.119. (4) 

3. DESCRIPTION 

3.1.  DATABASE 

The sampling units on which the database is composed correspond to diamond drilling 
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drilled in rocks, where it has been possible to determine the RQD, mineralogy, structures, 

elastic properties, resistivity properties, and GSI. This type of sampling is with non-

probabilistic classes of secondary origin (targeted sampling). In this way, we have com-

pleted the construction of the database with more than 5000 m diamond holes drilled. 

3.2. SCOPE OF WORK 

The research presented has a correlational scope and evaluates the type of empirical 

correlation GSI and RQD applied in mining, with the significant benefit of reducing 

economic costs and time of the first estimation. 

3.3. WORK METHODOLOGY 

The working methodology corresponds to the non-experimental quantitative type 

(Hernández 2018) through the creation of the inventory or data bank, for its classifica-

tion and measurement of relevant parameters from the perspective of geotechnical 

quality classification (Fig. 2) here it is visible that the drilling collected with their 

RQD and GSI measurement.  

For those investigations where GSI was not determined by traditional methods, the 

expressions proposed by Zhang and Einstein (2004) and Gokceoglu et al. (2003), which 

relate both RQD and GSI to the modulus of elasticity of the rock mass, are used. 

The research is of an exploratory type, since it is a topic that is little investigated 

when there is little field information, a complex and common situation in the early 

stages of a mining project (Zhang 2016; Shen et al. 2014; Huaman et al. 2017). 

The direct deductive method is used to test the hypothesis stated in the research 

problem: is it possible to reliably estimate the GSI from the RQD measurement? To 

prove or disprove this hypothesis, a descriptive statistical study of the database was 

conducted to determine the best correlation and data processing adjustment (Fig. 2). 

By means of the Shapiro-Wilk test (Table 3) and graphic analysis (Fig. 2) it is de-

termined that none of the study variables behaves in a Gaussian way, given that the p-

value is less than the critical value 0.05; this allows rejecting the null hypothesis of 

the test, and, therefore, there is sufficient evidence to say that the RQD and GSI vari-

ables are not normally distributed. 
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Fig. 1. Data distribution densities for variables (a) %RQD and (b) GSI. Own elaboration. 

Note: Software Stata 14.2 Windows software, College Station, Texas 77845 USA, StataCorp. 

Table 2. Shapiro-Wilk test. Own elaboration 

Variable Prob > z 

RQD 0.00012 

GSI 0.00012 

Note: Software Stata 14.2 Windows software. College Station, 

Texas 77845 USA, StataCorp. 

Thus, it is established that the appropriate correlation test to analyze the data is 

Spearman’s test (nonparametric) for the analysis of the relationship between the vari-

ables presented (Flores-Ruiz et al. 2017; Martínez et al. 2009; Ramalle and Andrés de 

Llano 2003; Loureiro 2011; Hesse et al. 2017; Restrepo and González 2007; Conover 

1999; Altman 1990). 

4. RESULTS OBTAINED 

4.1. CORRELATIONS RQD-GSI 

Spearman’s Rho coefficient shows that the type of correlation between the RQD and 

GSI variables is direct with a moderate-to-strong association (Martínez et al. 2009) 

with a coefficient of 0.6593, therefore, it can be assured that there is a relationship 

between the two variables. 

(a) (b) 
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Fig. 2. Scatter plot %RQD vs. GSI. Own elaboration. 

Note: Software Stata 14.2 Windows software, College Station, Texas 77845 USA, StataCorp. 

It is also possible to observe, from the same figure, that there is a clear direct linear 

trend in most of the data distribution; however, it is striking that there is a small cloud 

of data, which, a priori, does not show the correlation when the estimated values of 

GSI are very low, in the case of the presented graph, observing a certain density of 

data when the GSI values are below 20 points (Fig. 3). 

When GSI values are very low, the rock mass is very fractured, which from the ge-

omechanical perspective, is a soil type structure (Bieniawski 2011), where the con-

struction of subway galleries and slope stability is difficult to achieve using self-sup- 

porting methods. 

A separate analysis between the data where GSI > 20 and GSI ≤ 20 shows that: 

 when GSI > 20. Spearman’s Rho coefficient is 0.7012, therefore, there is still 

a direct type correlation with a high association; 

 when GSI ≤ 20. No clear correlation is observed, in the Spearman correlation 

analysis it is obtained that Rho is 0.1429, which indicates little or no correla-

tion. 

4.2. SPEARMAN HYPOTHESIS TEST 

Although it was shown that data whose GSI below 20 points are not correlated, 

Spearman is a nonparametric and robust method (especially for the presence of outliers), 

so Spearman’s hypothesis test is performed with the totality of the data. 

According to the analysis, a value Rho = 0.6593 is obtained; with 95% confidence 

interval, it can be determined that Spearman’s correlation coefficient is statistically 
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significant because p = 0.00 which is less than  = 0.05 (required critical value). 

Thus, since p < , then it can be indicated that the results are not the product of 

chance, so the null hypothesis is rejected and the RQD measurements of the diamond 

drillings do present a positive correlation with the GSI geotechnical quality estimation 

of the rock mass where these drillings were drilled (Conover 1999). 

This correlation result makes sense, because if the percentage degree of jointing or 

fracturing of drilled diamond drill holes (RQD) is high, it indicates that the rock mass 

is considered to be of good to high competence, so it is expected that a structure and 

surface analysis (GSI) will find results of high scores as well. 

4.3. NEW PROPOSAL FOR GSI ESTIMATION BASED ON RQD 

The predictive analysis to be used is a robust linear regression adjustment since the 

distributions are not normal and there is evidence of outliers (Fig. 3) (Loureiro, 2011; 

Hesse et al. 2017) 

Given the above, a scatter plot with linear fit is made (Fig. 4), where the distribu-

tion of the data of the variables under study is observed: the fit without robustness 

(segmented line); and the robust fit (continuous line), the latter presents an excellent 

correlation with most of the data, with a goodness of fit of 0.69, this is due to a spe-

cial treatment of lower weighting with the outliers. The equation representing the data 

with the recommended fit corresponds to (5) with an error of ±14.1 (unbiased esti-

mate of error variance or Root MSE in Stata). 

 GSI = (0.9422985  %RQD – 1.612585)  14.1. (5) 
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Fig. 3. Robust Linear Regression presented for %RQD vs. GSI. Own elaboration. 

Note: Software Stata 14.2 Windows, College Station, Texas 77845 USA, StataCorp. 

4.4. VALIDATION PROCESS 

The validation of the nonparametric mathematical model has been performed by 

hypothesis testing, indicating that there is sufficient evidence to reject the null hy-

pothesis, determining that indeed the model of Eq. (5) is adequate for the data pre-

sented. 

Similarly, the correlation determined in Eq. (5) was evaluated by contrasting the 

results with those presented by He, et al. (2019). In this sample, the RQD values are 

presented, which vary between 37% and 92% while the GSI sample varies between 53 

and 63 points. When evaluating the GSI prediction adjusted by the proposed (5) it is 

obtained that it varies between 33 and 85 points, showing in general an overestimation 

whose average is 6.6 points; but which always remains below the 14.1 points indicat-

ed as error in the prediction. 

Another case used to compare the proposed fit for GSI is based on the data pub-

lished by Kayabasi and Gokceoglu, C. (2019). In this sample, the RQD values are pre-

sented, which vary between 10% and 100% while the GSI sample varies between 26 

and 56 points. When evaluating the prediction of GSI adjusted by the proposed (5) 

it varies between 7.8 and 92.6 points, whose average error is ≈8 points. 

In this case, where there are several RQD magnitude dispersions, it is interesting to 

analyze the behavior of the GSI prediction when RQD is low, medium and high. In 

this way, it is observed that: 

 when GSI < 20 points, it is equivalent to an RQD < 23% (soil type structure). 

Here, the values taken by the GSI setting vary between 7.8 and 18 points, 

magnitudes that are almost entirely within the margin of error of the predic-

tion setting; 

 when GSI > 80 points, it is equivalent to an RQD > 87% (good to very good quali-

ty). In this case, the values taken by the GSI fit average ≈93 points, notoriously 

overestimating the measured GSI, which presents constant values of 55 points; 

 when GSI varies between 20 and 80 (class II, III, IV massifs), the RQD varies 

between 23% and 87%. Here, the values taken by the GSI adjustment vary be-

tween 21 and 63 presenting an average of 38 points, very close to the average of 

the magnitudes of the measured GSI, which range between 35 and 48 points, 

whose average is 42 points. 
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5. DISCUSSION 

When comparing the proposed adjustment with the one made by Santa et al. (2019), it 

is observed that their work presents lower estimation error if all the data are analyzed, 

however, in a more detailed review, it is observed that when using the new GSI (5) 

adjustment in the suggested rock mass quality interval (between 20 and 80 points), the 

error of Santa et. al increases to |–5.5| and the one proposed by this research decreases 

to |2.1| indicating that GSI improves the prediction by 62% with respect to the one 

made by Santa et. al.  

This change is because the relationship proposed by Santa et al. is parametric, 

which makes it sensitive to extreme values, in addition to not having an estimate of 

the error committed in each estimate, therefore, it is recommended to analyze the GSI 

predictions that are within the set of natural numbers [20; 80] ± 14. 

However, it is still difficult to estimate more accurately the influence of the specif-

ic geological characteristics of each rock mass and its effect on its quality, in agree-

ment with Hassanpour’s proposal in 2022 (Hassanpour et al. 2022) therefore, it is 

recommended to expand the data and classify it according to the type of rock, looking 

for 

a geological similarity that allows greater accuracy in the prediction. This may be 

because the GSI depends both on the structures (analyzed through RQD) and the dif-

ferent characteristics of the discontinuities (surface condition), as stated by Xia (Xia 

et al. 2022). 

6. CONCLUSIONS AND RECOMMENDATIONS 

1. To mathematically predict the GSI value from the RQD, we recommend the use 

of Eq. (5) considering an estimation error of ±14.1  

2. Do not use the prediction result when GSI is less than 20, or when available 

RQD is equal to or less than 25%, in both cases the rock mass is expected to be 

of very poor quality. 

3. It is suggested that GSI estimates are in intervals, for which the use of the esti-

mation error ±14.1 is proposed.  

4. While equation (5) is statistically valid on a larger scale, better predictions (62%) 

were observed when the RQD ranged between 25% and 87%. 

5. It is still difficult to interpret more accurately the specific geological characteristics 

of each rock mass, in agreement with Hassanpour et al. (2022), therefore, it is rec-

ommended to expand the data and classify it according to the type of rock, looking 

for a geological similarity that allows greater accuracy in the prediction. 

6. It is recommended to analyze how this prediction affects fracture criteria and 
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failure predictions in geomechanics applied to metro mining. 
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