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Purpose. To establish the granulometric composition of natural jointing in a massif by average distance between cracks in 

rock. 
Methodology. The natural jointing percentage in the rock massifs has been determined experimentally by measurement of 

the block sizes in open cast mines of nonferrous metallurgy enterprises of Kazakhstan. The average extent of natural jointing 
of various massifs has been determined by block sizes. The mathematical model of mosaic structure of a massif has been de-
veloped. The regression line of blocks size distribution has been obtained. The methodology for estimation of the particles 
size distribution of the natural rock massif by their average size is offered. 

Findings. Based on the experimental data the coefficients of the regression equation have been established for rock mas-
sifs different by block sizes. By applying the coefficients the inverse problem was solved, the particles size distribution of the 
natural rock massif has been estimated by their average size.  

Originality. The regular changes in the granulometric composition of natural rocks depending on their size have been de-
termined. The values of constants in equations of regression for rocks with different particles size. 

Practical value. The developed method determines the percentage of natural jointing in the rock massif by the average 
distance between the cracks, which is fixed in the geological reports and other technical documentation of mining enterprises. 
The technique may be useful for projection of technological parameters of mining operations. 

Keywords: rock massif, natural jointing, distance between cracks, natural jointing average size, granulometric composi-
tion 

 
Problem.3 It is known that the rock massif consists of 

natural jointing of the different size and is characterized by 
particular granulometric composition. Thus, natural jointing 
is formed by cracks of the third order. There are cracks of 
three orders in the massif of rocks. The cracks of the first 
and second orders determine the resilience of rocks to drill 
and a refinement in crushers, and cracks of the third order 
predetermine results of explosive destruction of the rocks 
massif [1]. 

The latter include endogenous cracks occurring in met-
amorphic rocks due to the decrease of the rock volume. In 
addition, they include tectonic cracks developing in the 
rocks under the influence of tectonic forces, artificial cracks 
formed in the rocks during mining operations, and weather-
ing cracks. The third order cracks have a significant stretch, 
measured in centimeters, meters or even kilometers. The 
size of their disclosure changes from 10-6 to 10-1m. These 
cracks can be filled in with other rocks or remain unfilled. 
The third order cracks characteristics is that they divide the 
massif for structural elements – jointing. [1]. There is the 
methodology of determining of the percentage of natural 
jointing in the rock massif by the average distance between 
the cracks in this work. 

                                                           
©   . .,  . .,  . .,  . ., 2014 

The analysis of recent researches. On the basis of a 
large number of researches by the interdepartmental com-
mission for blasting operations, a common classification of 
rocks according to the degree of fracturing in the massifs 
was adopted (table 1) [2–4]. It shows that all massifs ac-
cording to the degree of crack are divided into five catego-
ries: highly cracked, heavily cracked, medium cracked, 
small cracked and monolithic. 

The selection of unresolved part of a common prob-
lem. In this classification there is no establishment of natu-
ral jointing percentage of various sizes in the rock massifs.  

To detail the content of natural jointing in rock mas-
sif, we carried out the special research on quarries non-
ferrous metallurgy in Kazakhstan. Block sizes of massifs 
of Kounradsky, Akzhalsky and Sayaksky fields was 
measured on exposures immediately and in a photopla-
nimetric way. The classification of rock massifs is of-
fered on the basis of conducted researches by the block 
sizes is given in table 2. The schedules of the percentage 
dependence of natural jointings from their average size 
are submitted on fig. 1. 

This classification of rock massif by the block-size 
complies with the assigned task. 
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Table 1 
Classification according to the degree of rock fracturing 

 

Category of 
rock fracturing The degree of massif fracture 

The average distance between 
the natural cracks of all the  

systems, m 

The content of large jointing (%) in the massif 

0,3 m 0,7 m 1,0 m 

I High  cracked (small block size) up to 0.1 up to 10  0 0 

II Heavy cracked (medium block size) 0.1–0.5 10–70 up to  30 up to 5 

III Medium cracked (large block  size) 0.5–1.0 70-100 30–80 5–40 

IV Small cracked (very large block size) 1.0–1.5 100 80–100 40–100 

V Almost monolithic (just large block 
size) over 1.50 100 100 100 

 
Table 2 

Classification of rock massifs by block-size 
 

Classes  
of massifs  
by block  

sizes 

Rock massifs  
block sizes  

(modularity)  
(the cracked  

degree) 

The content of large jointing (%) in the massif The av-
erage  

diameter 
of joint-
ing, m 

<0.20 0.21–0.40 0.41–0.60 0.61–0.80 0.81–0.100 1.01–1.20 >1.21 

I Small block size  
(High cracked) 82.0 10.3 7.0 0.5 0.2 - - 0.15 

II 
Medium block 
size (Heavy 
cracked) 

48.0 27.0 10,5 6.0 4.2 3.3 1.0 0.31 

III Large block size  
(Medium cracked) 29.5 20.2 14.0 11.8 10.6 8.7 5.2 0.50 

IV 
Very large block 
size (Small  
cracked) 

17.5 16.1 14.6 13.2 12.7 12.9 13.0 0.69 

V 
Highly large block 
size (Almost  
monolithic) 

- 3.0 8.0 13.0 18.0 26.0 32.0 1.00 
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Fig. 1. Specifications of the rock massifs by the block 
sizes: 1– small block size (high  cracked); 2 – medi-
um block size (heavy cracked); 3 – large block  
size(medium cracked); 4 – very large block size 
(small cracked); 5 – highly large block size ( mono-
lithic) 

 
Formulation of the research purpose. In the tech-

nical literature on blasting the attention to the problems 
of the study of rock massif by blocking, determination of 
the percentage of natural rock partings in the massif was 
not sufficient, there are no methods for their determina-
tion. At the same time, we know that the granulometric 
composition of natural jointing of the massif depends on 

the fracture of rock massifs and blasted rock; it quality in 
a certain way is predetermined by the percentage of natu-
ral jointing in the rock massif. To identify these linkages 
there is a need to establish the natural particle size distri-
bution jointing in rock mass on the average distance be-
tween the cracks. 

The main material. The characteristics of rock mas-
sifs by the block size are given in Fig. 1, the choice of the 
regression lines was done based on percentage content of 
natural jointing for each class of rocks block-sizes. 

In this research [6] we have shown that the content of 
natural jointing in different rock massifs  block-sizes gener-
ally varies by the exponential law 

 
y = ebx ,                                  (1) 

 
where a, b – constants for each class of block sizes; x – nat-
ural jointing size. 

To solve the inverse problem, the establishment of gran-
ulometric composition jointing in natural rock massif in 
their average size is necessary to establish the significance 
of constants of equation (1), depending on the size of the 
natural partings within 0.1, 0.2 ... 1.2m. For this purpose the 
unknown dependencies were graphed and are presented in 
fig. 2 
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Table 3 
Constants of massifs the block sizes and coefficients of the determination 

 
Block sizes of rock massifs Constants Coefficients of the determination R2 

a b 
Small block size (de = 0.15m) 154.60 -7.50 0.96 
Medium block size (de = 0.31m) 59.32 -3.00 0.96 
Large block size (de = 0.50m)  30.58 -1.30 0.96 
Very large block size (de = 0.69m) 17.05 -0.30 0.82 
Highly large block (de = 1.00m)   2.15 2.24 0.93 

 
The coefficients a and b depending on the size of the 

natural jointing are generally described by the equations 
 

a = c ekx; b=l lnx + f,                      (2) 
 

where c, k, l, f – constants of the equation; x – size of natural 
jointing. 

For the considered conditions (de = 0.15; 0.31; 0.50; 
0.69; 1.0m), it is easy to see 

 
a = 264,9e-4,52x;  b = 4,023ln(x) + 1,694.         (3) 

 

154,6

30,58
17,05

2,15

59,32

-7,5
-3 -1,3 -0,3 2,24

-20

0

20

40

60

80

100

120

140

160

0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1de, 

, b

 
 
Fig. 2. The dependence of the constants a and b of a 

medium-sized natural jointing 
 
The percentage of natural jointing in massif, is calculat-

ed from formula (1) with the substitution of the obtained 
significance a and b of the expression (3) by blocking grade 
is shown in table 4 are presented graphically in fig. 3.  
The comparison of these data with the experimentally estab-
lished natural granule composition jointing in massif  
(table 2) shows that they coincide very closely.  

Thus, the particle size distribution of natural rock massif 
jointing in the formula (1) can be calculated for any size 
fixed blocking. The significances of the coefficients a and b 
are determined by the dependencies (3). For the following 
sizes for certain permanent natural a and b have the follow-
ing meanings: 

1) for the small block size massifs with de=0.1m: 
a=167.1, b=-7.6; with de=0.2m: a=104.1, b=-5.0;  

2) for the medium block size massifs  with de=0.3m: 
a=65.3, b=-3.2; with de=0.4m: a=42.2, b=-2.0; 

3) for the large block size massifs with de=0.5m: a=27.6, 
b=-1.1; with de=0,6m: a=23.4, b=-0.8; 

4) for the very large block size massifs with de=0.7m: 
a=17.5, b=-0.3; with de=0.8m: a=15.3, b=-0.1; 

5) for the highly large block massifs with de=0.9m: 
a=4.0, b=1.6; with de=1,0m: a=2.8, b=2.0. 

The percentage of natural jointing results from this tech-
nique, with dimensions de = 0.1, de = 0.2, ... de = 1,0m in the 
rock mass is given in table 5. 

To visualize the data in table 5 they are graphically illus-
trated on the fig. 4–6. The fig. 4 shows the dependence of 
the percentage of natural building block jointing in massifs 
with average diameters: de = 0.1m; de = 0.2m (fig. 4, a) and 
medium block size massifs with average diameters: de = 
0.3m; de = 0.4m (fig. 4, b). 

The dependency charts are shown in fig. 4–6; they are 
identical to the charts  shown in the fig. 3, which shows the 
unity of their nature. 

According to the percentage of the natural specifications 
the coarse-jointing massifs are  with average diameters of  
de = 0.5m; de = 0.6m (fig. 5, a) and very large block size 
massifs with average diameters de = 0.7m; de = 0.8m  
(fig. 5, b). 

The figure 6 shows the percentage of natural jointing in 
large massifs only with an average diameter of natural joint-
ing de = 0.9m; de = 1.0m. 

Table 4 
Estimated particle size distribution of separately in natural rock massif 

 

Classes of 
massifs by 
block sizes 

The massifs and  
their block sizes  

(the average diameter of 
 jointing, m) 

The content of large jointing (%) in the massif (m) 

<0.20 0.21–0.40 0.41–0.60 0.61–0.80 0.81–0.100 1.01–1.20 >1.21 

I Small block size (de = 0.15m) 76.77 17.83 4.14 0.96 0.22 0.05 0.02 

II Medium block size (de =0.31m) 45.63 25.04 13.74 7.54 4.14 2.27 1.68 

III  Large block  size (de =0.50m) 27.09 20.89 16.11 12.42 9.57 7.38 6.48 

IV Very large block size (de =0.69m) 16.93 15.95 15.02 14.14 13.32 12.55 12.17 

V Highly large block size (de =1.00m) 2.76 4.32 6.78 10.63 16.67 26.14 32.74 

 

de, m 
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Fig. 3. The estimated granulometric content of natural jointing in: small block size (a); medium block size (b); large  
block size (c); very large block size (d); highly large block size (e) 

Table 5 
Content of natural jointing in rock massif and their block sizes 

 
Classes of  
massifs by 
block sizes 

The massifs and  
their block sizes.  

The average diameter of  
jointing, m 

The content of large jointing (%) in the massif (m) 

<0.20 0.21–0.40 0.41–0.60 0.61–0.80 0.81–0.100 1.01–1.20 >1.21 

I Small block size  
(de=0.1m; de=0.2m)  

78.1 17.1 3.7 0.8 0.2 0.0 0.0 

63.1 23.2 8.5 3.1 1.2 0.4 0.3 

II Medium block size   
(de=0.3m; de=0.4m) 

47.4 25.0 13.2 7.0 3.7 1.9 1.4 

34.6 23.2 15.5 10.4 7.0 4.7 3.8 

III Large block size  
(de=0.5m; de=0.6m) 

24.7 19.8 15.9 12.8 10.3 8.2 7.4 

21.6 18.4 15.7 13.4 11.4 9.7 9.0 

IV Very large block size  
(de=0.7m; de=0.8m) 

17.0 16.0 15.1 14.2 13.4 12.6 12.2 

15.1 14.8 14.6 14.3 14.0 13.7 13.6 

V Highly large block 
 (de=0.9m; de=1.0m) 

4.7 6.5 8.9 12.3 16.9 23.3 27.3 

3.4 5.1 7.6 11.4 16.9 25.3 30.9 
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Fig. 4. Percentage of natural jointing in small block size (de=0.1m, de=0.2m) ( ) and medium block size (de=0.3m, 
de=0.4m) (b) massifs 

 
 

 
 
 
 
 

 
 
 
 
 
 
 
 
 

Fig. 5. Percentage of natural jointing in large block  size  (de=0.5m, de=0.6m) (a) and very large block size (de=0.7m, 
de=0.8m) (b) massifs 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6. Percentage of natural jointing in highly large 

block size (de=0.9m, de=1.0m) massifs 
 
The analysis of the percentage content of natural jointing 

in small block size, medium block size, large block  size, 
very large block size, highly large block size rock massifs  
that are shown in fig. 3–6, confirms the reality of the analyt-
ical determination of particle size distribution of natural 
jointing in them. 

Conclusions and prospects for the development. 
The conducted researches have shown that by the aver-
age extent of natural jointing it is possible to establish the 

significance of coefficients a and b, and by means of the 
exponential law (1) find percentage of natural  jointing in 
the rock massif.  

Due to the fact that in geological reports and other tech-
nical documentation mining companies usually indicated 
only the average distance between the natural cracks of all 
orders (de), the developed method is the reliable tool for de-
termining the particle size distribution of natural jointing in 
the rock massif. 

The percentage of natural jointing in the massif is neces-
sary to design parameters process mining to ensure the re-
quired quality of blasted rock crushing. 
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