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The results of mathematical modeling of roof bolts, installed in a uniform massif, 
are shown. The dependences of the change in relative displacement of the roof on the 
distance between the anchors and resize rational influence zone of single anchor on the 
angle of inclination are achieved. The analysis of the results is done. The rational den-
sity of the homogeneous solid anchoring during the excavations is defined.

Key words: roof bolting, anchoring density, mathematical modeling, surrounding 
massif.
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>;7;665&RG7;:W>4665&>?DG<?J3464&L<GH<4R4&{|}~|}n~M

v4D3?A6G& >& RG7;:2& L<;7J34>:;62& 7>2& H<IL?& ;:;R;632>O& 5D2& >27LG>274W3B& 64Y
[<?CD[;3G66GRI& D<2L:;66WM& ]4<2W>4665R& Z2C?DG-R;X462A6?X& L4<4R;3<2>& I& F?X&
H<IL4X&>74>4:GJ5&7GJ:27=I>43?&724L4CG6&<2C6?X&>4<24632>M&,GCH:56I3G&[I:G&D2:BY
D4&>4<24632>O&J;<;7&5D?X&L;<9?R&>4<2463GR&[I>&DG63<G:B6?8O&L<?&5DGRI&;:;R;6Y
364& H<IL4& >27LG>2764& 64[<?CD[;3G66GRI& D<2L:;66W& >?D:WA4:GJ5& 2C& L<G>;7;665&
<GC<4XI6DIO&2&7GJ:27=I>4:GJ5&$* &LG<27&I EA?J3GRIK&>?72O&[;C&>L:?>I&D<2L:;665&
l<?JM& 1qM& *4:2& >D:WA4:4J5& >& <GC<4XI6GD& ;:;R;6364& H<IL4& 64[<?CD[;3G66;& D<2LY
:;665&PO&2&>&GJ3466BGRI&<GC<4XI6DI&7GJ:27=I>4:4J5&J?3I4F25, C4 5DGV I<4XG>I>4Y
:?J5&G[?7>2&;:;R;6362&H<IL?, >27LG>2762&64[<?CD[;3G66GRI&D<2L:;66WM
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4q [q

,?JI6GD&P&– .4<3?64&<GCLG72:I&;D>2>4:;636?X&64L<I=;6B&l4q&2&L;<;R2@;6B&l[q&

7:5&>?<G[D?&6;C4D<2L:;6GV&D<2L:;665R&2C&64[<?CD[;3G6I

]?XG75A?&2C&64>;7;6GV&64&<?JM&1 D4<3?6?&<GCLG72:I&;D>2>4:;636?X&64L<I=;6B&

>?L:?>4\O& @G& <472IJ& G[:4J32 6;L<I=6?X& 7;ZG<R4F28& *' CR26W\3BJ5& >& 724L4CG62&

4,5...5…5,4 RO&4&LGD4C6?D&
 

*P CR26W\3BJ5&>&R;=4X'POQUMMM^k^OjUO&@G&CH276G&C&[4] 

L;<;[I>4\&>&<4RD4X&L<?LIJ3?R?X&R;=O&5D&7:5&464:23?A6GHGO&34D&2&A?J;:B6GHG&<2Y

9;665&3;J3G>GHG&C4>74665M

$4&7<IHGRI&;34L2&<29;665&C4>74665&>?C64A4:GJ5&$* &L<?DG63I<6GHG&R4J?>I&

H2<6?AGV&>?<G[D?&2C&64[<?CD[;3G66?R&D<2L:;665R&64&H:?[?62&UTT R&(<?J. 2). 

4q       [q

,?JI6GD 2 – .4<3?64&<GCLG72:I&;D>2>4:;636?X&64L<I=;6B&l4q&2&L;<;R2@;6B&l[q&

7:5&>?<G[D?O&@G&C4D<2L:;64&64[<?CD[;3G6GR&64&H:?[?62&UTT R

$4&L27J34>2&G3<?R46GV&D4<3?6?&<GCLG72:I&;D>2>4:;636?X&64L<I=;6B&L<G>;7;62&

7GJ:27=;665& C& >?C64A;665&64L<I=;6BO&@G&>?6?D4W3B&64& DG63I<2 64[<?CD[;3G6Y

6GHG&D<2L:;665M&!&<;CI:B3432&G3<?R462&3<?&724H<4R?&64L<I=;6B&64&<2C6?X&72:56Y

D4X&64[<?CD[;3G66GHG&D<2L:;665&L<?&3G>@?62&64[<?CH[;3G66GHG&LGD<?335&lT R&– 

<?JM&3; 0,1 R&– <?JM&4; 0,2 R&– <?JM&5). 
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,?JI6GD 3 – *24H<4R4&;D>2>4:;636?X&64L<I=;6B&64&>6I3<296BGRI&DG63I<2&
64[<?CD[;3G66GHG&D<2L:;665O&64&H<46?F2&DG634D3I&C&LG<G74R?&lH:?[?64&UTT Rq

,?JI6GD 4 – *24H<4R4&;D>2>4:;636?X&64L<I=;6B&>&LGL;<;A6GRI&L;<;<2C2
64[<?CD[;3G66GHG&D<2L:;665O&64&<2>62&3G>@?6?&64[<?CD[;3G66GHG&LGD<?335

PT&JR&lH:?[?64&500 Rq

,?JI6GD 5 – *24H<4R4&;D>2>4:;636?X&64L<I=;6B&64&CG>6296BGRI&DG63I<2
64[<?CD[;3G66GHG&D<2L:;665O&64&<2>62&3G>@?6?&64[<?CD[;3G66GHG&LGD<?335&

20 JR&lH:?[?64&UTT Rq
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fC&LGD4C46?X&64&H<4Z2D4X&746?X&>?76GO&@G&R4DJ?R4:B62&64L<I=;665&>?6?D4Y
W3B&I&64[<?CD[;3G66GRI&D<2L:;662&>&724L4CG62&P^MMM�U&H<47IJ2>M&$48[2:B9&LG>6G&
$* &D<2L:;665&8&LG<27O&@G&>R2@IW3BO&RG=64&GL?J43?O&>?DG<?J3G>IWA?&DG;Z2F2Y
\63&C4L4JI&J328DGJ32. ]26 X4<4D3;<?CI\3BJ5&5D&>276G9;665&;D>2>4:;636?X&64L<IY
=;6B& 7G& R;=2& R2F6GJ32& R43;<24:I& 64& G76G>2JBG>?8& J3?JDM& !& >?L47DIO& DG:?&
;D>2>4:;6362& 64L<I=;665& L;<;>?@IW3B& R;=I& R2F6GJ32& 64& G76G>2JBG>?8& J3?JDO&
J?J3;R4&>3<4A4\&J328D?8&J346M&$4&<?JM&5 LGD4C46?8&H<4Z2D&CR26?&DG;Z2F2\634&C4Y
L4JI&J328DGJ32&64&L27J34>2&746?XO&@G&64>;7;62&I&724H<4R2&64&<?JM&4. 

fC&H<4Z2D4 64&<?JM&6 J:27I\O&@G&64&H:?[?62&UTT R&I&64[<?CD[;3G66GRI&D<2L:;6Y
62&>?6?D4W3B&64L<I=;665O&[:?CBD2&C4&J>GVR?&C64A;665R?&7G&H<46?A6?XO&L<?AGRI&
$* & R43;<24:I& D<2L:;665& X4<4D3;<?CI\3BJ5& J328D?R& J346GR& 2C& C4[;CL;A;665R&
CR26?&.J3 I R;=4X&PO^jMMMPkPOTU. 
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,?JI6GD 6 – *24H<4R4&CR26?&DG;Z2F2\634&J328DGJ32&64&CG>6296BGRI&DG63I<2&D<2LY
:;665&64&<2>62&3G>@?6?&64[<?CD[;3G66GHG&LGD<?335&^T&JR&lH:?[?64&UTT Rq

$4J3IL6?R&D<GDGR&7GJ:27=;6B&\&>?C64A;665&CR26?&DG;Z2F2\634&J328DGJ32& C4Y
:;=6G&>27&H:?[?6? <GC349I>4665&>?<G[D?&L<?&>4<2W>4662&L4<4R;3<4&H:?[?6?&>27&
UTT&7G&bTT&R&l<?JM&7). 
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,?JI6GD 7 – *24H<4R4&CR26?&DG;Z2F2\634&J328DGJ32&D<2L:;665&64&VV&CG>6296BGRI&
DG63I<2&64&<2>62&3G>@?6?&64[<?CD[;3G66GHG&LGD<?335&^T&JR

64&H:?[?64X&UTT – bTT&R
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fC&G3<?R46?X&H<4Z2A6?X&746?X&RG=64&C<G[?3?&>?J6G>GD&L<G&C6?=;665&DG;Z2F2\6Y
34&J328DGJ32&C2&C[2:B9;665R&H:?[?6?&<GC349I>4665&>?<G[D?M&-6?=;665&.J3&6?=A;&P&
J>27A?3B& L<G& >3<43I& J328DGJ32& D<2L:;665M& *:5& >?<29;665& 746GHG& L?34665& LG3<2[6;&
L<G>;7;665&64J3IL6?X&7GJ:27=;6B&@G7G&RG=:?>GJ32&LGJ?:;665&D<2L:;665M

]/ $']./M&->4=4WA?&64&3;O&@G&R4DJ?R4:B62&64L<I=;665&>?6?D4W3B&>&4<Y
DG>28&A4J3?62&D<2L:;665&>&724L4CG62&P^MMM�U&H<47IJ2>, LGJ?:;66W&LG>?66G&L2774Y
>43?&J4R;&746I&72:56DI&64[<?CD[;3G66GHG&D<2L:;665. 

+D& >4<2463?& LGJ?:;665& D<2L:;665&RG=;& [I3?& >?DG<?J346?8&Z2[<G[;3G6O&@G&
>G:G72\&C64A6GW&L<4F;C74362J3W&64&>?H?6, 4[G&L<G>;7;665&34RLG64=I&C4D<;L6GY
HG&L<GJ3G<IM

-6?=;665& 64& H<4Z2DI DG;Z2F2\634& C4L4JI& J328DGJ32& 6?=A;& G7?6?F2& J>27A?3B&
L<G&6;G[X2762J3B&>?DG<?J34665&7G743DG>?X&C4XG72>&L<?&D<2L:;662&>?<G[GD. 

]?DG<?J34665&64[<?CD[;3G6I&64&H:?[?62&LG647&UTT R&RG=:?>G&>&JLG:IA;662&
C&Z2[<G[;3G6GR&4[G&C&LG>6GW&C4R26GW&64[<?CD[;3G6I&64&Z2[<G[;3G6M

)fd%,#d!,#
1. 3<;:BFG>&%M]M, .4C4D;>?A �M]MO&1G6GR4<;6DG *M/M .<;L:;6?;&HG<6`X&>`Y

<4[G3GD&IHG:B6`X&94X3&64[<`CH[;3G6GRM&– NMO&$;7<4O&PQbQM – ^jb&JM
2. -4J:4>JD?8&/MyM, (`DG>&#M]MO& .GRL46;F ]MvM $4[<`CH[;3G6645& D<;LBM&– 

NMi&$;7<4O&PQ��M&– PQ�&JM
3. G:G756D?6&#M]M, _4L;;>  M$MO&04:?R;67?D&#M]M&.& >GL<GJI& G[;JL;A;6?5&

IJ3G8A?>GJ3?& D4L?34:B6`X >`<4[G3GD& >& IJ:G>?5X& G=?74;R`X& [G:B9?X& 7;ZG<Y
R4F?8&L<?DG63I<6GHG&R4JJ?>4&LG<G7 // -[2<6?D&64IDG>?X&L<4FB&$_!M&– *62L<GY
L;3<G>JBD: ,]. $_!, 2010. – �&jS. – d. 2. –  . 101–112.

4.�49;6DG&'MNM,  7>?=DG>4 'M'MO&_4L\\>  MNM *;ZG<RG>462J3B 34 R2F62J3B
R4J?>2> H2<JBD?X LG<27: RG6GH<4Z25. – *62L<GL;3<G>JBD: $4F2G64:B6?8 H2<6?A?8
I62>;<J?3;3, 2008. – 180 J. 

THE POSSIBILITY OF INCREASING THE DEPTH OF USE

FOR SHOTCRETE LINING, STUDIED WITH USE OF A NUMERICAL 

SIMULATION

V. Kovalenko
State higher educational establishment «National mining university» 
prosp. Karl Marks, 19, Dnepropetrovsk, 49005, Ukraine. 
E-mail: kovalenko_vlad@mail.ru
The results of finite element modeling of the stress-strain state of mine working, 

fixed with shotcrete coating are shown. For the formation of a design scheme it was 
selected mining-geological and mining conditions which are the most common to the 
majority of Donbass mines at depths of 500...700 m. It was made due to the fact that at 
these depths the shotcrete is used rarely or never used. The stress-strain states of shot-
crete lining are defined, depending on the thickness of the coating and the location in 
the arch area. The diagrams of dependence of change of stability factor of shotcrete 
cover with thickness of 20 cm on the angle of action equivalent stresses are presented.

Key words: shotcrete lining, finite element method, equivalent stresses, stability 
factor for lining, surrounding rock mass.
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