
 

 

Natal'ya A. Kolesnik, Gennadii I. Kozlovskiy, Aleksandra A. Kanavets 
Angles of Total Shifts and Angles of Maximum Crop During … 

DOI: 10.18454/PMI.2017.3.298 
 

298 
Journal of Mining Institute. 2017. Vol. 225. P. 298-306  ● Mining 

 

UDC 622.1 
 

ANGLES OF TOTAL SHIFTS AND ANGLES OF MAXUMUM CROP DURING 
DEVELOPMENT OF FACES DIAGONAL TO SEAM STRIKE 

DIRECTIONS 
 

Natal'ya A. KOLESNIK1, Gennadii I. KOZLOVSKIY1, Aleksandra A. KANAVETS1 
1 Donetsk National Technical University, Donetsk 

 
When predicting deformations and determining measures to protect underworked objects, angular parame-

ters are used: the boundary angles, the angles of total shift, the angle of maximum crop. The values of these angu-
lar parameters are given in the normative documents, but only for sections across and along the strike of the for-
mation. However, at present, longwall face mining is mainly being carried out along a diagonal direction to the 
strike of the formation. In connection with this, the determination of the values of the angular parameters for such 
conditions is a topical task. 

The method of determination and the analytical dependences of the angles of total shifts and angles of 
maximum crop in sections of the longitudinal and transverse axes of coal-mining faces developed along diago-
nal directions to the strike of the formation are proposed. These angular parameters are used for prognosis of 
deformations of the earth's surface and for determining the characteristic zones of influence of mine workings 
on the local places. 

Key words: angles of total shifts, angles of maximum crop, diagonal directions of contour of working, de-
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Introduction. Angular parameters are used to determine the boundaries of the zones of 

mine workings influence on the earth's surface and predict the deformations of the latter when 
working and protecting buildings, structures and natural objects [8, 12, 15]. Their normative 
values are determined by many years of research by many authors [2, 4, 6, 9-11, 13, 14] and are 
given in the «Rules for underworking ...» [1] only for the main cross-sections of the trough 
across and along the strike of the formation. 

Currently, longwall faces are often mined along diagonal directions to the strike of the 
formation [5, 7]. The main sections of the trough should be considered cross sections along the 
longitudinal and transverse axis of a working. Therefore, the determination of the angular pa-
rameters in these sections is very important. 

The analytic dependences of the boundary angles in cross sections, which are diagonal to the 
strike of the formation, were published by the authors of this article in [3]. Therefore, in this paper 
only the angles of total shifts and the angles of maximum draw are considered. 

Methods for determining angles of total shifts and angles of maximum draw. Let us con-
sider the coal seam working (α = 20°) developed by «diagonal» longwall face in the contour I-II-III-
IV (Fig.1). Let’s assume we will replace the seam cutting area with short faces (with a slight dis-
continuity in time) along the strike (Fig.1, a) and across the strike of the formation (Fig.1, b) with 
the stopping of the bottom lines along the contour specified above. Then, according to the «Rules of 
underworking ...» [10], we get a flat bottom of the trough, bounded by lines 2, 3, with boundary 
points Еai, Еbi on the axes of the «diagonal» face (where i is the number of points). In this case, the 
distances АiЕai ≠ АiЕbi. Now the problem is reduced to finding the average weight points Еi. This 
principle is also the basis of the methodology proposed here. 

Since the lines at the angles Ψ and Ѳ have a constant angle of inclination in the bedrock and 
incrop deposits, in order to simplify the calculations, the process will be considered as occurring 
only in bedrock, assuming the depth seam incrop line equal to ± 0.0. Let us draw conditional ad-
vance of the «diagonal» face line to seam incrop point (Fig.2, b). Then М1 point will be both the pit 
limit and flat bottom of the trough, since the depth H = 0. 

From Fig.2, b, the seam inclination angle along the production line I-II and the distance A1M1 are: 

 sintgtg III , 



sintg

1
11

AH
MA , 

where , ε, HA1 – seam inclination angle, acute angle between longitudinal axis of working and 
seam strike line, seam depth at point А1. 
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Fig.1. Layout of «diagonal» face with seam inclination angle of  = 20° with conditional replacement of area with short faces 
along the strike (а) and across the strike (b) of the formation 

1, 2, 3 – pit limit points: coal seam mining with «diagonal» face; flat bottom of trough with conditional replacement of are with short faces along the strike 
and across the strike of the formation; 4 – when α > 90° – Ψ1 the trough flat bottom boundary of angle Ψ1 (with replacement of faces across the strike) is set 
outside the contour of «diagonal» face; 5 – longitudinal axes of short faces; ε – acute angle between longitudinal axis of «diagonal» face and seam strike line; 
А1-А2, А3-А4 – lateral (short) and longitudinal (long) axes of the face 
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Fig. 2. Design layout for determining angles of total shifts in axial cross-sections of «diagonal» face: 
а – orientation pattern of «diagonal» face along the seam strike line; b – a pattern of geometrical relations between angle and linear parameters 

of horizontal alignment. Also see p. 300 
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Let us determine the distance А1Е1 (between working boundary and flay bottom of trough 
boundary) separately with conditional replacement of face mining along the strike (а) and across the 
strike (b) accordingly in left and right columns: 
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Fig. 2. Ending. Design layout for determining angles of total shifts in axial cross-sections of «diagonal» face: 
c-j – the same in vertical cross-sections; Аi, Ci, Pi, Pi' – boundary points (where i – point number): contours of «diagonal» face at axial lines; flat 
bottom pf trough, determined by angle Ψ3 (with conditional replacement with faces along the strike); the same with angles Ψ1, Ψ2 (with replacement 
of faces across the strike) with α < 90– Ψ1; the same for angle Ψ1 (when replacing faces across the strike) with α > 90 –  Ψ1; Ei, Ei', Eаi, Eбi – bound-
ary points of flat bottom of trough at axial lines of «diagonal» face: with  < 90– Ψ1; with α > 90– Ψ1 (i, j); with α > 90– Ψ1 and replacement with 
faces along the strike; with α > 90– Ψ1 and replacement with faces across the strike: α, α, ε – angles: seam inclination; seam inclination at axial 
cross-sections of «diagonal» face; acute angle between longitudinal axis of the face and seam strike line; Ψ1, Ψ2, Ψ3, Ψ1j, Ψ2j, Ψ1e, Ψ2e – angles of total 
shifts at cross-sections across and along the strike and in cross-sections of «short» and «long» axes of «diagonal» face; φ1, φ2, φ3, φ1j, φ2j, φ1e, 
 

φ2e – angles of inclination of lines corresponding to angles of total shift and linear parameters of horizontal alignment  
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where φ2, φ3 – inclination angles of total shift lines at cross-sections across and along the strike at 
point А1 (Fig.2 b, e). 

We obtain two values А1E1 – the distance from the working face boundary to the boundary of 
the flat bottom of the trough in the section of the transverse axis А1–А2 of the «diagonal» face I-II-
III-IV. At ε = 0, the line (boundary) I-II is oriented along the strike of the formation and only the 
angle φ2 affects the distance А1Е1, i.e. the expression А1Е1 (b). Similarly, at ε = 90, only А1Е1 (a) 
affects А1Е1. For ε = ε = 45 there must be an equivalent effect of the equalities with the indices (a) 
and (b). To fulfill these conditions, we take weighting coefficients  sin)(аР ,  cos)b(Р . Then 
the average weighting coefficient value of distance А1Е1 is: 
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The formula is cumbersome, but simple in calculations. Nevertheless, to simplify it (and sub-
sequent formulas) we introduce the notation:  cossintgA , εsintgα 2B ,  2costgC , 

 cossinD  . 
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From Fig.2, g  

21
'2j2j AA   ; 

)cosεarctg(tgαj2j2  ,                                                   (4) 

where Ψ2j, φ2j – angle of total shift and angle of inclination of total shift lines from the up dip in 
cross-section of longitudinal axis of working (in point А1 at Fig.2, b). 

Similarly, analytical dependencies are obtained for determining the angles of total shifts: Ψ2e 
(with  < 70), Ψ1j (with  < 90 – Ψ1), Ψ1e (with  < 90 – Ψ1) respectively from the up dip of the 
longitudinal axis, from the down dip in the section of the transverse axis and from the down dip in 
the section of the longitudinal axis of the «diagonal» face. The corresponding formulas are given in 
Table 1, where the accepted notations are also indicated. 
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In addition, we will look at at the angles of total shifts from the down dip side of the formation 
in the axial sections of the «diagonal» face with  > 90 – Ψ1. In this case when replacing the coal 
mining area developed with faces across the strike the boundary of flat bottom of trough is located 
above the coal pillar, outside the mining contour (Fig.2, f). The details will be given on the exam-
ples of angle Ψ1j at point А2 (Fig.2, b). Here the distance А2Е2, when replacing the coal mining area 
developed by faces along the strike we calculate (applying the same method) using the formula: 




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cossintgtg
sin

3
)a(22

2AH
EA .                                                       (5) 

When replacing the coal mining area developed with faces across the strike the point Еb is located 
outside the contour of «diagonal» face and distance А2Е2(b) is determined using the formula (Fig.2, j): 
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According to the justification stated above, we take weighting coefficients:  sin)а(22ЕАР , 
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Then average weighting coefficient value is  
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Let us substitute the values φ3 = Ψ3 (Fig.2, c), φ1 = 180– (Ψ1 + ) (рис.2, f) и 
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or with the above given notations 
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If according to the calculations it will be 1j2 > 0 (i.e. АiЕаi > АiЕbi), then the boundary point Е' 
of flat bottom of trough of «diagonal» face is located inside the contour I-II-III-IV (Fig.2, j) and an-
gle of total shifts equals: 

21
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)cosεarctg(tgα1j1j  .                                              (10) 
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With φ1j2 < 0 (Fig.2, j) 

212
'180Ψ 11j AAj   ; 

)cosarctg(180Ψ
211j  tgj

 .    (11) 

Similarly, the analytic dependence is deter-
mined for the angle Ψ1 (at point А3 in Fig. 2, b) of 
total shifts on the down dip in the section of the 
longitudinal axis of the «diagonal» working. The 
formulas are given in Table. 1. 

The method of determining the angles of 
maximum seam crop will be considered using 
the example of a section along the transverse 
axis А1–А2 of a «diagonal» working (Fig.3). 

From triangle А1МА2 (Fig.3) 
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The ОМ line drawn from the middle of working at the angle of the maximum crop is the me-
dian of the triangle and its length is determined by the formula 
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The angle of maximum crop θj at the cross-section of traverse axis of «diagonal» working is: 
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The same is for cross-section of longitudinal axis of «diagonal» working 
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Fig.3. Cross-section of longitudinal axis А1–А2 
of «diagonal» working  
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Conclusions. Thus, the authors of the article proposed a method for determining and analyzing 
the dependences of the angles of total shifts and the angles of maximum crop in sections of the lon-
gitudinal and transverse axes of coal-mining faces developed along diagonal directions to the strike 
of the formation. 

 
Table 2  

Angles of inclinations of total shifts lines φ (at cross-section) and angles of total shifts Ψ 
at cross-sections of axes of «diagonal» workings calculated according to formulas from Table 1 

(Ψ1 = 55; Ψ2 = 55° + 0,3α; Ψ3 = 55°) 

Angles of total shifts lines inclination 
at cross-section of traverse axis 

of working, degree 

Angles of total shifts 
at cross-section of traverse axis 

of working, degree 
Seam 

inclination 
angle α, 
degree 

Angle between 
longitudinal axis 

of working 
and seam strike ε, 

degree 
From up dip side 

φ2j 
From down dip 

side φ1j 
From up dip side 

Ψ2j 
From down dip 

side Ψ1j 

0 41.0 75.0 61.0 55.0 
20 50.5 76.2 69.4 57.3 
40 57.2 73.4 72.8 57.8 
60 59.4 68.2 69.7 57.9 
80 57.6 60.3 61.2 56.7 

20 

90 55.0 55.0 55.0 55.0 
0 27.0 –85.0 67.0 55.0 

20 39.5 –89.7 77.8 52.1 
40 52.2 82.9 84.9 50.2 
60 55.9 73.8 78.7 51.0 
80 56.1 62.1 64.4 53.8 

40 

90 55.0 55.0 55.0 55.0 
0 13.0 –65.0 73.0 55.0 

20 30.6 –76.1 89.0 45.5 
40 46.5 –89.0 99.5 38.0 
60 47.1 78.7 88.0 37.9 
80 53.0 64.4 69.8 47.7 

60 

90 55.0 55.0 55.0 55.0 
  

Note. When φ < 0° the boundary of flat bottom of the trough is located outside the working 
contour, i.e. above the coal pillar (point E’ at Fig.2, j) 

 
Table 3 

Angles of inclinations of total shifts lines φ (at cross-section) and angles of total shifts Ψ 
at cross-section of longitudinal axes of «diagonal» workings calculated according to formulas from Table 1 

(Ψ1 = 55°; Ψ2 = 55°+ 0,3α; Ψ3 = 55°) 

Angles of total shifts lines inclination 
at cross-section of longitudinal axis 

of working, degree 

Angles of total shifts at cross-section 
of longitudinal axis of working, 

degree 
Seam 

inclination 
angle α, 
degree 

Angle between 
longitudinal axis 
of working and 
seam strike ε, 

degree 
From up dip 

side φ2f 
From down dip 

side φ1f 
From up dip 

side Ψ2f 
From down dip side 

Ψ1f 

      
0 55.0 55.0 55.0 55.0 

20 58.9 64.7 66.0 57.6 
40 58.9 71.1 72.0 57.9 
60 54.4 75.1 71.9 57.6 
80 45.9 76.4 65.6 56.7 

20 

90 41.0 75.0 61.0 55.0 
0 55.0 55.0 55.0 55.0 

20 56.3 68.3 72.3 52.3 
40 54.9 78.6 83.2 50.3 
60 46.9 86.9 82.9 50.8 
80 32.2 –86.8 71.8 53.7 

40 

90 27.0 –85.0 67.0 55.0 
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Ending of Table 3 

Angles of total shifts lines inclination 
at cross-section of longitudinal axis 

of working, degree 

Angles of total shifts at cross-section 
of longitudinal axis of working, 

degree 
Seam inclina-
tion angle α, 

degree. 

Angle between 
longitudinal axis 
of working and 
seam strike ε, 

degree. 
From up dip side 

φ2f 
From down 
dip side φ1f 

From up dip 
side Ψ2f 

From down dip side 
Ψ1f 

0 55.0 55.0 55.0 55.0 
20 49.9 72.1 80.5 41.5 
40 46.2 84.9 94.3 36.8 
60 42.4 –82.7 98.7 41.0 
80 18.5 –69.9 78.2 50.5 

60 

90 13.0 –65.0 73.0 55.0 
  

Note. When φ < 0° boundary of flat bottom of the trough is located outside the working con-
tour, i.e. above the coal pillar (point E’ at Fig.2, j). 

 
For visual perception in Table 2, 3 show values of the angles of inclination of total shifts () 

and the angles of total (Ψ) shifts in the axial sections of the "diagonal" faces are calculated 
according to the formulas of Table 1. They make it possible to trace the nature of the variation of 
the named angles as a function of the angle of incidence of the formation α and the angle ε between 
the longitudinal axis of working and the strike of the formation. This, in turn, facilitates the forecast 
of deformations of the earth's surface from the influence of workings. 

 
 

REFERENCES 
 
1. GSTU 101.00159226.001. Working rules for buildings, structures and natural sites in coal mining constructed by under-

ground methods. Kiev: Mіnpalivenergo, 2004, р. 128 (in Ukraine). 
2. Zorya N.M., Muzafarov F.I. Scheme of the rock mass shear mechanism of during development of flat coal seams with single 

face. Ugol' Ukrainy. 1966. N 12, p. 9-12 (in Russian).  
3. Kolesnik N.A., Kozlovskii G.I., Mukhina A.S. Trough shifts and boundary angles in bedrock during longwall face mining 

along diagonal to strike directions. Geotekhnicheskaya mekhanika. Dnepropetrovsk. 2014. Iss. 118, р. 191-200 (in Russian). 
4. Kratch G. Rock mass shear and protection of underworked structures: Per. s nem. Pod red. R.A.Mullera. Moscow: Nedra, 

1978, р. 496 (in Russian). 
5. Larchenko V.G. Shears and deformations of underworked rock mass. Stalii rozvitok gіrnicho-metalurgіinoї promislovostі. 

Vіsnik Krivorіz'kogo tekhnіchnogo unіversitetu. Krivii Rіg. 2004. N 6, р. 93-96 (in Ukraine). 
6. Ogloblin D.N., Gerasimenko G.I., Akimov A.G. et al. Surveying Moscow: Nedra, 1981, р.704 (in Russian).  
7. Medyantsev A.N., Ivanov I.Yu. Observations over the area outside the displacement of the earth's surface from underground 

workings. Marksheiderskoe obespechenie ratsional'nogo ispol'zovaniya i okhrany nedr. Yuzh.-Ros. gos. tekhn. un-t. Novocherkassk, 
2004, р. 75-81 (in Russian). 

8. Posyl'nyi Yu.V. Errors in determining the boundary values of the displacement and deformation of the earth's surface. 
Marksheiderskoe delo i geodeziya. 1978. Iss. 5, р.26-30 (in Russian).  

9. Rules for the protection of structures and natural objects from the harmful effects of underground mining in coal sites. M.: 
Nedra, 1981, р.288 (in Russian). 

10. Rules for the protection of structures and natural objects from the harmful effects of underground mining in coal sites. 
St. Petersburg: Nedra, 1998, р. 270 (in Russian). 

11. Borshch-Komponeets V.I., Batugina I.M., Varlashkin V.M. et al. Movement of rock mass and earth surface during under-
ground mining. Ed. by V.A.Bukrinskogo, G.V.Orlova. Moscow: Nedra, 1984, p. 247 (in Russian). 

12. Chetverik M.S., Determining parameters of tensile deformation zone in shear trough. Geotekhnicheskaya mekhanika. 
IGTM NANU. Dnepropetrovsk, 2011. Iss. 95, p. 162-168 (in Russian). 

13. Kratzsch H. Mining subsidence engineering. Berlin: Springer-Verlag, 1983. 543 p. 
14. Peng S.S. Surface subsidence engineering. Littleton: SMME, 1992. 160 p. 
15. Thongprapha T. Study of surface subsidence above an underground opening using a trap door apparatus / T.Thongprapha, 

K.Fuenkajorn, J.J.K.Daemen // Tunnelling and Underground Space Technology. February 2015. Vol.46. P.94-103. 
 
 
Authors: Natal'ya A. Kolesnik, Candidate of Engineering Sciences, Associate Professor, kolesniknatalka@gmail.com (Donetsk Na-

tional Technical University, Donetsk), Gennadii I. Kozlovskiy, Candidate of Engineering Sciences, Associate Professor, kolesnikna-
talka@gmail.com (Donetsk National Technical University, Donetsk), Aleksandra A. Kanavets, Assistant Lecturer, yahy@meta.ua (Do-
netsk National Technical University, Donetsk). 

The article was accepted for publication on 13 March, 2017. 


	6. Kolesnik, Kozlovskiy, Kanavets _c.298-306_

