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The graph of the function r = f(z, V) for various day-averaged values of longwall face 
advance rates in the range 0.5 m/day to 6.0 m/day is illustrated in Fig. 1. 

,-,.o,~o,, 
!!!"! # $ %& '() * +,

! - $ 2 . '' /0+,

-,-O• ,O ~Ca, 
-x-V $ 4 Orn/day 

! # $ 1 . rr! 2+,

) ! # $ 3 . rr! * +, 4

5 20 40 3& 80 ice 120 

6 5' 7859:+) * 7; :+90< ='>> 5? :@< A)+0< 5? 797:7+:759 5? A+': 79B ?'5C :@<

)59BD+)) ?'59:4 EC J 

Fig. I. Curves presenting the locations of initiation of the rock mass parting planes for given longwall face 
advance rates (Drzewiecki, 1977) 

The curves presented in Fig. l specify the areas in a cross-section of the rock mass 
for which, for given longwall face advance rates, undergoes separation along the 
direction of the bedding. As one can see, the area of the rock mass, which actively 
takes part in the process of its destruction, depends on the rate of the longwall face 
advance. 

The maximum extent of the active volume of the rock mass "zH" in the vertical 
direction V relative to the rate of longwall face advance is given by relationship (5), 
the graph of which is shown in Fig. 2. 

-v-Jv2-4·c(V) 
2·c(V) (5) 

- ------ 

F G 4 5 3 H

Rate of longwall face advance "V " [m/day] 

Fig. 2. Graph of function zma, = I JV) for the face advance rate range from 0.5 m/day to 6.0 m/day 
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Successively,the relationship of the maximum extent of the active volume of the rock 
mass is given by relationship (6) and its graph is shown in Fig. 3. 

rmax = Vz,+c(V)·z;, ( 6) 
where: 

z,= - V/[2 · c(V)J was determined from relationship (3) by differentiating it 
with respect to variable z. 

Rate of longwall face advance 'V' [m'day] 

Fig. 3. Graph of function r = J( V) for the face advance rate range from 0.5 m/day to 6.0 m/day 

In the area of active volume of the rock mass, in the course of displacement of the 
dynamic edge which the longwall face constitues, the rock mass parts into layers, 
which is a rapid reaction of the rock mass to the presence of newly created extracted 
spaces. In other words, for this area, it is difficult to define unambiguously the extent 
of the main effects of the mining operation, using only one parameter. Taking into 
account the frequently disturbances in the rhythmicity of the longwall face advance 
rate, the area in which the above mentioned process takes place is variable. This 
gives rise to a situation where, for such an area, the extent of the effects of mining can 
only be predicted for a short time-span. Also, the parameter of the angle of 
dissipation of effects tg/3<z.H), in the form given by (Kowalski, 1985) can be defined 
only for the area located beyond that being considered. This means that, for specified 
conditions of conducting extraction of the seam using the longwall system, one can 
determine an interface inside the rock mass that separates the area in which the 
parameter tg/3z,H) will be variable (active area of the rock mass) from its remaming 
part in which the parameter tg/3(,.H) can be determined by equations I and 2. 

3. Determination of the kinematics parameter of the angle of influence of mining 
tg~(,, H) within the active volume of the rock mass 

The information presented in the section above is intended to define a concept of 
the active volume of the rock mass and to determine its location, as well as how it 
can be distinguished and what factors influence its variabil ity. Further consideration 
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will refer to an analysis of the influence of the longwall mining system on the process 
of failure of the rock mass. At this point it should be stressed all considerations will 
refer to a planar system, i.e. the cross-section of the rock mass in the vicinity of the 
longwall mining in which the direction of the OX axis is determined by the plane of 
the extracted seam, and that of the O Y axis by the plane of the longwall side. For 
a co-ordinate system oriented in this way, the active area of the rock mass, for 
a given rate V of the longwall face advance, is contained within a figure bounded 
from the one side by the O Y axis, and from the other by the curve described by 
relationship (3). The roof strata located in this area undergo splitting by which 
I mean that the layers of sedimentary rock develop planar cracks in the interstices of 
the bedding plane and parallel to it, as a result of mining, and the zones of initiation 
of the splitting processes are found in the vicinity of the curve defined by the function 
as shown above. 

On the assumption that the conditions of conducting extraction are constant, 
such a system will move in a direction consistent with the direction of the mining 
operation. At the same time, the layers separated in the process of rock mass division 
will undergo intensive shear deformation only along the sections initiated by parting 
planes. Marked in Fig. 4 are the positions of individual, separated layers which, as 
a consequence of the undermining operations, will have a different degree of freedom 
in relation to the adjacent layers and the remaining part of the rock mass. For these 
layers, it is possible to determine an angle of mining effects tg/J(z,HJ, which will vary 
depending on the position of a separated layer within the area of the active rock 
mass. 

The angle of mining influence of the layers within the limits of the active volume 
of the rock mass is defined by the axis OIX and the straight line running through the 
origin of co-ordinates and the zone of initiation of discontinuities. The position of 
these zones was calculated on basis of relationship (3), while the variabili ty of the 
kinematics parameter of influences the angle of mining tg/Jkin(z,HJ (V). The rate of 
advance of the longwall face is given by relationship (7) 

tg/Jkin(z,H) = V Z+:( V). 22 · 
(7) 

Table 1 shows how the angle of main influence changes for longwall mining 
conducted with an average advance rate of 2 m/day, and for location of the rock 
mass parting planes with at intervals of 1 O m. 

Included in Fig. 4. are also graphic illustrations of selected values characterising 
the zones of initiation of discontinuities parallel to the bedding and the position of 
straight lines determining the kinematics angle of mining influence of tg/Jkin(z,HJ· 

An important element is here the fact that individual fragments of the rock mass 
within its active volume have different lenghts. This means that only these fragments 
of the rock mass, i.e. liberated layers, will undergo rapid shear deformation in the 
course of the continuing advance of the longwall face. The kinematics angle of 
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TABLE 

Variation of the parameters of extent influence of mining in the active 
volume of the rock mass defined for the rate of face advance being 2 m/day 

Horizontal 
Kinemaics 

Vertical distance 
distance r of the 

parameter of 
Angle of mining 

z of parting extent of the 
plane from the 

zone of parting 
angle of mining 

infl uence of 
initiation from /Jkin(z.H) seam influence at 

the longwall face 
tg/Jk;n(z.H) 

[m] [m] - [°] 

JO 18.6 0.537 28.3 

20 34.5 0.581 30.2 

30 47.5 0.631 32.3 

40 57.8 0.692 34.7 

so 65.3 0.765 37.4 

60 70.1 0.856 40.6 

70 72.1 0.972 44.2 

80 70.4 1.123 48.3 

90 67.7 1.330 53.l 

JOO 61.3 1.631 58.5 

I 10 52.2 2.108 64.7 

120 40.3 2.980 71.5 

130 25.6 5.079 78.9 

140 8.1 17.182 86.7 

mining influence of tg/Jkin(z.IJ) varies over a range from 0° to 90°, in actual conditions, 
the lower ragne of this angle being determining by the location of initiation of the 
first discontinuity of the layer that keeps linear continuity in the space above the 
unmined coal of the seam. The upper range of the angle results from the location of 
the point of initiation of the last discontinuity within the originating active volume of 
the rock mass. 

An analysis of Fig. 4. also allows the specification of two areas separated by the 
curve that defines the active volume of the rock mass. The first one, located above 
the seam up to the horizon marked by the plane of discontinuity, most protrusive in 
the direction of the longwall face drive advance, i.e. the area in which the length of 
subsequent liberated layers increases. The other one relates to the fragment of the 
rock mass in which the length of the discontinuity planes decreases. This means that 
the degree of freedom of individual liberated fragments of the rock mass increases 
with the distance in the vertical direction up to the height of location of the longest 
plane of discontinuity. Above this plane, gradual stiffening of the rock mass takes 
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-::,- 150 
---~:::.c,---,. ... ------------- 

, . . ,, 

m ~ H W 
Distance fi-um the Iongwall jace (m) 

Fig. 4. Cross-section throughout the longwall environment with indication of position of the rock mass 
parting planes for an average rate of face advance of 2 m/day 

place, which results from the fact that its development of cracks diminishes towards 
zero. Thus, the second region is a special sort of "natural support" with a defined 
compliance resulting from the range of reversible deformation of the liberation 
laminae. The movement of the longwall face in real conditions is accomplished, as 
a rule, with a variable advance rate, being a result of current technical and geological 
conditions that disturb the cyclic advancement of the process of mining. This has the 
result that, within several days of mining taking place, the geometrical dimensions of 
the active volume of the rock mass will be subject to a change; this, in turn, 
determines the chronological changes of the dimensions of both above-defined areas 
within the active volume of the rock mass. Taking into consideration only the range 
of longwall face advance rates of 0.5 m/day to 6.0 m/day, one can distinguish in the 
rock mass the boundary of the areas of increasing and attenuating deformabilities of 
the rock mass fragments, separated in the process of its undermining. The above is 
illustrated in Fig. 5, in which, in the X YZ system (longwall face advance rate, panel 
size, distance from the roof), the interface has been marked which separates both 
defined areas. Here, the bold line indicates an interface between two areas with 
variable layer rigidity. 

Hence, as a result of an analysis, one can say that in the rock mass, in the 
direction of the longwall face advance, above the seam extracted by the longwall 
system, it is possible to distinguish a fragment in which shear deformations of 
individual layers takes place in a very short time. This fragment is defined by 
a function defining its extent, depending on the rate of the longwall face advance. 
The above discussed area is called the active volume of the rock mass, while, due to 
the lack of inrhythmicitiy of longwal face advance it will be subject to changes both 
in the direction of the surface and the longwall face drive advance. 
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Fig. 5. Graphic illustration of the active volume of the rock mass for given average longwall face advance 
rates in the range from 0.5 m/day to 6.0 m/day 

4. Possibili ty of utilisation of results 

The geodetic measurements carried out in the mine of the Upper Silesian Coal 
Basin enabled a functional relationship to elaborated describing the influence of 
mining as a basis of calculating the radius of principal influence at any horizon 
within the rock mass (Kowalski, 1985). At the same time, on the basis of in situ 
measurements aimed at developing a mechanism of parting planes of rigid roof rocks 
(Drzewiecki, 1994), it has been found that for the roof rock located in the area of 
active volume of the rock mass, the deformation of subsequent separated layers can 
be described by the equations of subsidence curves using an individual kinematics 
angle of mining influence of tg/3kin(z,HJ for each layer. 

The results of field measurements presented in table 2 (Kowalski, 1985), which 
provide a basis for the calculation of the parameter tgf3<z,H> point out that the radius 
of extent of the main influence was, in each case, greater than 100 m at the vertical 
distance of the calculation horizon from roof of the mined seam higher than 65 m. 
Such an extent of the main mining influence, in relation ot location of the active 
volume of the rock mass, reveals that the measurements were conducted in the places 
in which the rock mass did not react "immediately" to the mining process. 
Introducing the kinematics parameter of the extent of mining influence of tg/3kin(z,HJ 
enables us to determine the area in which the process of loss of firmness along the 
bedding plane takes place for any day-averaged velocity of the longwall face 
advance. At the same time, determining the so-called active volume makes possible 
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to distinguish a fragment in it, in which momentary energy of deformation is 
accumulated. This energy undergoes dissipation following either the development of 
the number or propagation of discontinuities already created parallel to the bedding. 
The creation of such discontinuities or their propagation causes a step change of the 
value of deformation of the whole group of layers in the surroundings of the source 
of the tremor, up to a level that restores a state of balance to the layers. The 
phenomena of this type constantly accompany the mining operations, whilst, 
depending on the volume of the rock mass which takes part in this process, the 
energy released from such an area of the rock mass differs. In the volume considered 
in this way, the creation or propagation of discontinuities is identified by the source 
of a seismic tremor. At the same time, a consequence of the tremor is a sudden 
change in the deformation of the set of layers that includes a much larger area of the 
rock mass. The extent of the area of the rock mass in which an instantaneous change 
of its shape takes place is different and results from the level of its deformation before 
the discontinuities occur. It seems highly likely that this area is responsible for 
dynamic phenomena considered as rockbursts. Taking this into account, it is 
possible to assume that the origin of rockbursts is newly created discontinuities in 
the rock mass from which seismic energy is emitted, whilst a cause of the roof 
rockbursts can be shear changes often taking place in areas considerably distant 
from the sources of tremors. In particular, in the conditions of a strongly disturbed 
rock mass, the origination of subsequent discontinuities, parallel or transverse with 
respect to the bedding, causes a directional displacement of the above described area 
of the active rock mass. Important in this process is the capability of the rock mass, 
in the area of the active volume, to move to the undisturbed area of the rock mass, 
momentary horizontal displacement - (slip model of the source) and vertical ones 
- (model of a fault-type source). 

The above-discussed mechanism can periodically cause momentary additional 
loading of such a fragment of the rock mass, and this, in turn, gives rise to the 
creation of high-level stresses in it. The active volume separated from the rock mass, 
in which the kinematics parameter of the main influence tg/3kin(z,HJ applies, affects, to 
a decisive extent, its surroundings. At the same time, as mentioned earlier, within the 
limits of this volume, it is also possible to specify a fragment in which the degree of 
freedom of separated layers increases with the vertical distance. Particularly, for this 
rock mass fragment, it is possible to speak about a momentary "additional loading" 
with the active volume of mine workings in the area of mining operations. A sudden 
movement of rock strata in the area in which break of continuity of one or more 
layers takes place causes a displacement of a defined volume of the rock mass in the 
direction in which its degree of freedom is the highest. The largest displacements will 
occur in those areas where the rock mass has the highest degree of freedom. This 
phenomenon can, under proper value of displacement of the set of layers, cause the 
strength of the rocks in the vicinity of the working to be momentarily exceeded, the 
consequence of which can be rock bursts. In such a case, in the picture of the damage, 
one can observe its directional character, which allows the evaluation of the direction 
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