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Abstract.  Two approaches for the description of parameters of the trough 

of the land surface subsidence in the main sections (its forms, inclinations 

and curvature) are considered in comparison with each other. One of them, 

(the method of standard curves) makes up the basis for "Rules of the 

structures protection...", the document defining the approach to the 

assessment of deformation of the day surface during design of various 

facilities, located on it. Besides, the approach, developed in some other 

works by the authors, based on the approximation of the form of the trough 

subsidence with the functions of the probabilities integrals type with three 

defining parameters, is considered. The attempt to express the standard 

curves as the mention functions is undertaken. It is proved that it is 

possible to define the values of three corresponding parameters of the 

approximating functions. Thereby the tabular dependences are transformed 

to the analytical relations, correct for all the range of the parameters 

change, i.e. not just for those, recorded in the tables.    

1. Introduction 

The development of coal layers is followed by the change of stress of rocks and their 

displacement [1, 2, 3],  perceptible in the formation of a zone of displacement in the massif 

and on the land surface. The displacement zone on a surface, appearing from the influence 

of separate clearing development, is called a displacement trough. 

Separate points in the displacement trough move by different sizes in the considered 

timepoint, therefore vertical deformations (inclinations, curvature, twisting) and horizontal 

deformations (stretching, compression, shifts) as well as washout and the concentrated 

deformations (cracks and ledges in the vertical plane and shifts in the horizontal plane) 

arise. 

Displacements and deformations of rocks and the land surface can cause damages to the 

facilities, the increase in water permeability and gas permeability of the breeds over the 
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developed space, change of the hydrogeological mode of surface and ground waters, 

activization of landslide processes. 

The sizes of the zone of influence of underground minings, sizes and nature of 

deformations, the rapidity of the deformations growth and the duration of the process of 

displacement of rocks and land surface depend on the following major factors: 

a) capacity, hade and the depth of the developed layers; 

b) size of the clearing developments, the sequence of passing and mutual position of 

borders of the clearing developments in one layer and in the suite of layers; 

c) structural features of the rocks massif (the structure of the containing breeds, 

existence of explosive and the plicative breakings, variability of breeds bedding and 

physical-and-mechanical properties of breeds; 

d) the way of the mountain pressure control; 

e) rapidity of the face movement and the rapidity of the development of works 

crosswise the stretch. 

We consider the features of calculation of the land surface subsidence parameters within 

the method of standard curves, which became the basis for "Rules of protection of 

structures and natural objects from the adverse effect of underground mountain minings in 

the coal fields" [4], along with the semi-analytical method [5, 6], which uses the functions 

of the Gauss probabilities integral type for the approximation of the subsidence trough 

form. It should be noted that the regularities, put in its basis, are the synthesis of numerous 

natural observations in the mines of various coal basins and fields. 

2. Methods and algorithms  

According to [4] the maximum subsidence of the land surface is determined with the help 

of the formula:  

  (1) 

where q0 is the relative maximum subsidence; m is the taken-out layer thickness; the 

effective thickness is used during the work with a laying; α is a layer hade; N (N1 and N2) 

are the coefficients, connected with the relative depth of the development placement, i.e. 

with the relation of the development length (along extension and crosswise extension) to its 

depth. Size q0 is connected to the extent of loosening of breeds of the roof rocks in case of 

their failure into the developed space and has to be assessed separately for each field or 

basin. 

The land surface subsidence in the points of the main sections of the displacement 

trough is determined according to the formula: 

  (2) 

where S(z) is the function of the standard curve of subsidence, determined by the tables 

[1] for the respective basins (fields), depending on N1 coefficients  for the points of the 

main section crosswise the layers stretch and N2 for the points of the main section along the 

layers stretch; zx=x/L3 for the points, located in the main section along the layers stretch; 

zy1=y1/L1 for the points, located in the main section crosswise the layers stretch in the semi-

trough along the layer fall; zy2=y2/L2 for the points, located in the main section crosswise 

the layers stretch in the semi-trough along the layer rise; x, y1, y2 are the distances from the 

point of the maximum subsidence (the origin of coordinates) to the considered point, 

respectively in semi-troughs along the layer stretch, fall and rise; L1, L2, L3 are the lengths 

of the corresponding semi-troughs. Further such a table for coal fields of East Donbass is 

provided for an example. 
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Table 1. Values of the functions S(z), S
/
(z), S

//
(z) for East Donbass 

z 
N=1 N=0.9 N=0.8 N≤0.7 

S(z) S/(z) S//(z) S(z) S/(z) S//(z) S(z) S/(z) S//(z) S(z) S/(z) S//(z) 

0 1.00 0.0 0.0 1.00 0.0 -4.3 1.00 0.0 -7.4 1.00 0.0 -9.4 

0.1 0.99 0.19 -2.1 0.98 0.47 -5.0 0.97 0.73 -7.0 0.96 0.91 -8.2 

0.2 0.95 0.56 -5.1 0.90 1.02 -6.1 0.85 1.36 -5.6 0.83 1.59 -5.2 

0.3 0.86 1.20 -7.3 0.77 1.61 -5.3 0.69 1.83 -3.0 0.65 1.90 -1.8 

0.4 0.71 1.89 -5.7 0.58 1.98 -1.8 0.48 1.91 0.7 0.46 1.85 2.3 

0.5 0.50 2.20 0.0 0.39 1.92 2.9 0.31 1.67 3.9 0.29 1.49 4.3 

0.6 0.29 1.89 5.7 0.22 1.46 5.7 0.17 1.20 5.1 0.16 1.04 4.6 

0.7 0.14 1.20 7.3 0.10 0.87 5.6 0.08 0.71 4.4 0.08 0.62 3.7 

0.8 0.05 0.56 5.1 0.04 0.42 3.7 0.03 0.35 2.8 0.03 0.32 2.3 

0.9 0.01 0.19 2.1 0.01 0.15 1.5 0.01 0.13 1.2 0.01 0.12 1.1 

1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

The S
/
(z) and S

//
(z) functions are used for the assess of slopes of ix and curvature of Kx of 

the trough surface in its main sections. 

,   . (3) 

Figure 1 presents the curve S(z), drawn by the means of interpolation of data from the 

provided table for various N values, which are also presented. The points, reflecting the 

data from the table are put to the curve for N=1. 

 

 
Fig. 1 Curves for S(z), drawn according to the Table 1 

 

It should be noted that parameter N is determined by the ratio of lava length and the 

depth of clearing development placement. This dependence is presented in Figure 2. 
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Fig. 2. Dependence of the parameters N1, N2 on the dimensionless of the development length 

The corresponding analytical dependence is the following: 

                  (4) 

Parameter N reflects the fact, that the closer development is located to the surface, the 

more is the sedimentation of the land surface according to (1) with other things being equal. 

At the same time the characteristic form of the trough in the main sections also changes. 

For the developments of rather shallow underlay, i.e. if D/H> 1.2 it is possible to consider 

N=1. In this case according to Figure 1 the symmetry of the lower and upper parts of the 

standard curve takes place. At the same time the symmetry point is (0.5, 0.5) and it is the 

point of discontinuity. The increase in the depth results in the curve asymmetry, though in 

insignificant degree. 

Thus, the described approach fully solves the issue of prediction of the parameters of 

the land surface subsidence for the fixed values of determining parameters. However, the 

approximation of the provided tabular data is necessary for their intermediate values; that 

can be inconvenient for the practical application. 

3. Results 

The approximation of standard curves was carried out by the functions of the probabilities 

integral type.  

Earlier [6-11] the approximation of the form of the curve of the land surface subsidence 

in the main section of the trough was used for the solution of a similar task. The following 

function was used: 

            (5) 

where 

.               (6) 
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It is possible to try to use these ratios for the approximation of the relevant data from 

Table 1 or the curves on Figure 1. As for Figure 3, the continuous lines show the curves of 

type (5) with the parameters η0, Dp, Cp, chosen according to [10] for all N and, for 

comparison, the points show the data from the Table for N=0.7 (as an example). 

 
 

Fig. 3.   Approximation of tabular data (Table 1) with the functions (5) 

At the same time it was necessary to have H=1 for providing the normalization of the 

received curve, which takes place for the curves in Figures 1, 3. 

When using the interactive algorithm [10] the values of the parameter η0, for all the 

curves (for all N) (Figure 1), as we would expect, appeared to be almost equal 1. As for the 

values of Dp and Cp, they are presented in Figure 4, where their dependence on D/H (1 and 

2 respectively) is shown. 

Analytically they are representable in the form of ratios: 

,     (7) 

.    (8) 

 

It should be noted that the tables of standard curves are made for rather narrow range of 

change of values of N, i.e. D/H (points represent the tabular values). The monotony and 

smoothness of the curves in Figure 4 allows to consider, that outside this range the values 

of the corresponding parameters can be received by extrapolation of the given curves. 
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Fig. 4. Dependences of the parameters of the functions 

 (5) on the dimensionless extent of the development 

The slope of the trough surface appears to be the differentiation of the expression (4) for 

the land surface subsidence. As a result we receive the following ratio: 

.        (9) 

Figure 5 represents the curves (9) for the values of parameters η0, Dp, Cp, received 

earlier and corresponding to the values N – 1, 0.9, 0.8, 0.7, or D/H – 1.2, 0.9, 0.8, 0.7. Here 

the points show the values of the S / (z) function from Table 1 for N=0.7 (for comparison). 

It is possible to note that they coincide with the corresponding curve rather well. 

 

 
Fig. 5.  Trough surface slope according to the approximation by the functions (5, 6) 

 

The received ratios (4)-(9) allow to estimate the parameters of the land surface 

deformation depending on its extent, rated on the depth of its the development, for each 
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concrete field.  It is necessary to use the aforesaid values of parameters η0, Dp, Cp for this 

purpose, for example for East Donbass (Figure 4). 

4. Conclusions 

We can conclude, that the carried out research proved the almost complete coincidence of 

the results, describing the parameters of deformation of the land surface both by the means 

of standard curves, and with the functions of the probabilities integral type. As the first 

approach synthesis of natural measurements "in situ" can be considered, which is not 

raising any doubts in the validity, can be considered, and the second approach should be 

also considered adequate thanks to the identity of results. Moreover, the second approach 

gives the opportunity to approximate the standard curves for various basins and fields. 

Thus, each such object can attribute values of three determining parameters η0, Dp, Cp; that 

determining the nature of the land surface deformation depending on the rated extent of the 

developed space (lava). 

 
The research is carried out with the financial support of the Russian Foundation for Basic Research 

No. 180500936. 
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