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Abstract 

The deeper the mineral deposits developments are, the worse the mining and geological conditions become. Significant 

growth of stress level in the rock mass contributes to possible manifestation of rock pressure in dynamic form.  

The resulting task of assessment of rock impact hazard is closely related to the task of obtaining more accurate results 

of compression tests of samples in rigid or servohydraulic test presses using graphs of their full deformation.  

This approach requires special expensive equipment, considerable time resources, and sufficient core material.  

Therefore, it is important to have an approach that allows to assess the propensity of rocks to brittle fracture with 

research methods simple enough not to result in the loss of quality and reliability of the obtained results. This paper 

presents the results of laboratory tests of rocks from the Norilsk Industrial Region to determine their tensile and  

compressive strengths. Test methods involved both domestic and foreign standards for determining the value of  

the brittleness coefficient. The impact hazard potential of rocks was determined using the Kaiser criterion. It is found 

that the tested lithological types (rich sulfide ores, hornblende, disseminated ores, and gabbro-dolerite rocks), with  

the exception of anhydrite, have a low impact hazard potential. 
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Introduction 

Development of mineral deposits at great depths generally leads to more complicated geome-

chanical conditions [1-3] such as increased rock pressure, as well as increased risk of its dynamic 

manifestation [4-6]. For example, the depth of the Talnakh mine development in some areas today 

reaches more than 1000 m at the known critical depth of the impact hazard of 700 m [7-9]. At such 

great depths and consequently high stress values, the rock mass is characterized by the fracturing of 

its edge part, potentially manifested in brittle form with the release of elastic energy, i.e. in the form 

of a rock impact [10-12]. 

According to the recommended practices, it is necessary to identify areas in a rock mass where 

the possibility of rock impact is the highest, i.e. it is necessary to assess the propensity of rocks to 

brittle fracture [13-15]. One of the most accurate ways to assess the propensity of rocks to brittle 

fracture is the ratio of the elasticity modulus E to the decrease of material modulus M. Given the ratio 

(E/M) > 1, the test specimen is assumed as not vulnerable to impact, and in the case of (E/M)  1, the 

test specimen is assumed as vulnerable to impact. Such an assessment requires compression tests on 
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specimens to obtain full deformation diagrams. This approach can be carried out on either rigid or 

servohydraulic test presses, taking into account the increase in the transverse strain rate [16-18]. Such 

tests require specialized equipment, a large time frame both for the tests and for logistics, and quality 

core material in sufficient quantity. 

A rather simplified method for assessing the brittle fracture susceptibility of rocks is the method 

of Ya.A.Bich [19, 20], which consists in comparing the values of elastic and total deformations. In 

this case, the impact hazard coefficient is determined by the formula 

el
imp

tot

k





, 

where el is deformations in the elastic zone; tot is total deformations (before fracture). 

A rock is considered impact hazardous at kimp > 0.7. According to the recommended practices*, 

when determining the correlation between the value E/M and the impact hazard coefficient kimp, 

it is allowed to carry out the number of tests for the sixth and subsequent specimens at pre -limit 

loads [21, 22]. 

Due to the large number of tests, the possibility of applying the well-known Kaiser criterion [23], 

which consists in determining the value of the impact hazard potential of rocks [24], seems quite 

promising. Application of this criterion requires only the results of the determination of the compres-

sive and tensile strength of rocks. Thus, in this case, the propensity of rocks to brittle fracture is 

determined in a rather simple way, which allows us to obtain a quick assessment of the impact hazard 

potential of the studied rocks [25-27]. 

Research method 

Studies of the rock impacts in Canadian mines have shown that the rock impact hazard can 

be estimated quite accurately using the indicator of rock impact hazard potential [23]. This indi-

cator takes into account such parameters as UCS (uniaxial compressive strength) and the ratio of 

the compressive strength of rocks to their tensile strength UCS/UTS, defined as the ir brittleness 

coefficient [28]. 

It is known that the compressive strength of rocks is characterized by the energy accumulated 

in the rock mass up to the moment of its fracture: the higher limit of rock strength corresponds to 

large values of potential energy of elastic deformations and kinetic energy, which leads to dynamic 

destruction of the mass in the form of ejection of rock mass and distribution of individual rock pieces. 

Another important indicator of the propensity of rock to fracture as a result of thin plate detachment 

is the brittleness coefficient defined as the ratio of the compressive strength to the tensile strength of 

the examined rock samples (core material) [29]. 

While studying impact hazard of deposits located in the territory of the Russian Federation, this 

approach was successfully applied to ores and rocks of deposits of the Khibiny massif the and Novo-

shirokinskoe polymetallic ore deposit located in the Zabaikalsky Krai [30-32]. 

When carrying out underground mining operations at great depths in rocks with the potential for 

impact hazard, rock impacts are possible, and if there is no such potential, the probability of dynamic 

manifestation of rock pressure is close to zero [27, 28]. 

It should be noted that after obtaining the test results for determining the compressive and tensile 

strength of rocks, it is possible, by increasing the scale of the work performed, to obtain more reliable 

and statistically significant results. For this purpose, the results of laboratory tests for determining the 

physical and mechanical properties of ores and rock mass of two deposits of the Norilsk Industrial 

Region in 2018-2023 were used. 

                                                      
* Recommended practices for assessment of the propensity of ore and nonmetallic mineral deposits to rock impact. Approved by 

the Order 216 of the Federal Service for Environmental, Technological and Nuclear Supervision dated 23.05.2013. 
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Several types of ores and rocks of the Norilsk Industrial Region were considered for the assess-

ment of the impact hazard potential (Table 1). These ores and rocks have been chosen because the 

first four lithological types for the Talnakh mines were classified as brittle fracture-prone rocks, ac-

cording to the Federal Industrial Safety Standards and Regulations. It should be noted that anhydrite 

is not classified as an impact-prone rock in the Talnakh mines [33, 34]. 

Data obtained from uniaxial compression and tensile tests was used for assessment of the impact 

hazard potential of rocks and ores. The results according to GOST and ASTM (ISRM) were com-

pared. Sample preparation and testing were performed according to GOST 21153.2-84 “Rocks.  

Methods of Determining Uniaxial Compressive Strength” and GOST 21153.3-85 “Rocks. Methods 

of Determining Uniaxial Tensile Strength”. Determination of tensile strength is regulated by standards 

“ASTM D7012-14. Standard Test Methods for Compressive Strength and Elastic Moduli of Intact 

Rock Core Specimens under Varying States of Stress and Temperatures” and “ISRM Suggested 

Methods for Determining Tensile Strength of Rock Materials” [35, 36]. 

In the tests carried out according to the GOST regulated methods, the specimens had a ratio  

of height to diameter of 2:1 for compression and 1:1 for tension. For tests carried out according to 

foreign standards, the ratio of height to diameter for compression specimens was 2:1 and 2.5:1, for 

tensile specimens – 0.5:1. For the first sample, a series of tests was performed, including six speci-

mens for compression, six specimens for tension, according to GOST, and four specimens for tension 

(as per ASTM). The obtained test results were averaged. 

Laboratory test results 

The experimental studies resulted in determining of the strength properties of five lithological 

types of ores and rocks of the Norilsk Industrial Region. The obtained results concerning the deter-

mination of the impact hazard potential of rocks and ores are summarized in Table 1. 
 

Table 1 

Distribution of the impact hazard potential of rocks and ores of the Norilsk Industrial Region 

Indicator 
Rich ores Hornblende Disseminated ores 

Rock  
gabbro-dolerites 

Anhydrites 

I II I II I II I II I II 

Total samples 51 96 140 144 47 29 

No potential, % 80.4 68.6 54.2 76.0 60.0 70.0 57.6 61.8 0.0 0.0 

Low potential, % 15.7 27.5 40.6 23.0 33.6 27.1 36.1 34.0 0.0 0.0 

Medium potential, % 3.9 3.9 5.2 1.0 6.4 2.9 5.6 4.2 0.0 0.0 

High potential, % 0.0 0.0 0.0 0.0 0.0 0.0 0.7 0.0 0.0 0.0 

Very high potential, % 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.7 0.0 0.0 
           

Note. Method I – GOST, method II – ASTM. 
 

Graphic distribution of samples is shown on Fig.1. 

According to the obtained results, samples of all lithological types with the exception of anhy-

drite have a low level of impact hazard potential [37, 38]. At the same time, the ratio of non-impact-

prone samples ranged from 54 to 80 %, depending on the lithology type and test methodology. These 

percentages are quite sufficient to classify these lithological types as impact-prone, since, according 

to the recommended practices, the minimum percentage of impact-prone rocks should be at least 

10 %. The best matching of results from different methods is observed in the testing of rock gabbro-

dolerites. Thus, in the case of rich ores, the number of samples with impact hazard potential was 12 % 

higher when tested by foreign methods compared with domestic ones. For disseminated ores  

and hornblende, the highest percentage of impact-prone samples was obtained when tested as per 

domestic methods. However, despite some discrepancies in the obtained proportions, no significant 

differences were observed [39, 40]. 
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As expected, anhydrites are non-impact-hazardous and, according to the results obtained, do not 

possess the potential of impact hazard. 

The impact hazard of hornblende and gabbro-dolerites is conditioned mainly by their high com-

pressive strength which can reach up to 300 MPa in a sample, while rich ores are characterized by a 

higher value of the brittleness coefficient (Table 2) compared to other rocks, which indicates the 

propensity of such rocks to spalling in thin plates as a result of their detachment (pressing off). 

 
Table 2 

Average value of brittleness coefficient of the studied lithological types  

Method Rich ore Hornblende Disseminated ores Rock gabbro-dolerites 

GOST 10.57/13.73* 9.85/11.98 9.63/11.93 9.29/11.59 

ASTM 11.73/14.81 8.49/10.93 8.95/11.53 9.10/11.63 
     

* All samples/impact hazardous samples. 

1. Impact hazard potential of the main lithological types: a – rich 

ore; b – hornblende; c – disseminated ores; d – gabbro-dolerite 

intrusion; e – anhydrite [41] 

I – very high; II – high; III – medium; IV – low 
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Fig.1. Impact hazard potential of the main lithological types:  

a – rich ore; b – hornblende; c – disseminated ores;  

d – gabbro-dolerite intrusion; e – anhydrite [41] 

I – very high; II – high; III – medium; IV – low 
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Such a characteristic feature (high value of brittleness coefficient) is manifested in rich ores and 

in rock mass. Thus, during the development of mineral deposits at deep horizons, the border zone of 

the ore massif is pressed off, forming characteristic delaminations (Fig.2), while in other geological 

varieties such effect usually does not occur [42]. 

The average brittleness coefficient of anhydrites is not shown in Table 2, it amounted to 8.75; 

compressive strength did not exceed 105 MPa. 

The same conclusion about the lower brittleness coefficient in the strongest rocks was also made 

in [30] when investigating the impact hazard potential of rocks at apatite-nepheline deposits.This is 

clearly presented in Fig.3, which shows the distribution of lithological types in the diagram according 

to the average values of brittleness coefficients and compressive strength (samples without impact 

hazard potential were not considered in this sample). 

Thus, taking into the account the rock test results it can be determined that, despite the different 

nature of possible impact hazard, all the rocks considered with the exception of anhydrite are assigned 

a low level of impact hazard. 

Laboratory studies carried out to assess the 

impact hazard of rich ores of the Norilsk Industrial 

Region by means of compression tests of samples 

in the mode of controlling the growth rate of trans-

verse deformation [19], showed that they are  

impact hazardous. This confirms the possibility  

of using the Kaiser criterion to assess the impact 

hazard potential in the considered conditions. 

Conclusion 

• As a result of tests using domestic and  

foreign methods, the strength properties of various 

rocks and ores of the Norilsk Industrial Region 

have been determined and the values of their  

brittleness coefficients have been calculated. 

• Using the Kaiser criterion, it was found that 

the percentage of non-impact-prone samples  

varied from 54 to 80 % depending on the type  

of lithology and testing methodology, which  
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Fig.3. Average values of impact hazard potential  

of the studied lithological types: rich ore (1 – GOST,  

2 – ASTM); hornblende (3 – GOST, 4 – ASTM);  

disseminated ores (5 – GOST, 6 – ASTM);  
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Fig.2. Examples of ore delamination in the border zone under the action of high level stresses 
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confirms the propensity to dynamic fracture of rocks of the Norilsk Industrial Region. The highest 

percentage of impact-prone samples obtained during hornblende testing according to Russian  

methods amounted to almost half of the tested samples. The best matching between the methods used 

was observed when testing rock gabbro-dolerites. The obtained research results reflected a sufficient 

qualitative convergence between domestic and foreign methods. 

• It is noted that rich ores have the lowest compressive strength than other impact-prone rock 

types, but at the same time have the highest brittleness coefficient, which indicates their tendency to 

spalling in the form of thin plates. The latter fact is confirmed by the results of field studies in mines, 

where ore plates were pressed off under high stress levels from the border zone of the rock mass. 

• It is determined that the studied lithological types with the exception of anhydrite have a low 

impact hazard potential. There is no impact hazard potential of anhydrites, i.e. they are non-impact-

prone. 

To assess the impact hazard of rich ores of the Norilsk Industrial Region using the Kaiser crite-

rion, a broad comparison with the results of compression tests of samples in the mode of controlling 

the growth rate of transverse deformation was carried out. The comparison confirmed that the rich 

ore is impact hazardous. 
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