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KINEMATIC ANALYSIS FOR EVALUATION OF STRUCTURALLY CONTROLLED INSTABILITIES AT 
ELLATZITE OPEN PIT MINE 

Nikola Toshkov, Zhelyazko Yalamov, Georgi Royalski and Lyubomir Svilenov 

ABSTRACT 
While mining is considered as a main triggering factor for slope instabilities in open pit mines, discontinuities 
such as faults, joints and anisotropy, like schistosity, within the rock mass, often pre-define the failure 
mechanism. Kinematic analysis is applied to evaluate the possible failure mechanisms based on spatial and 
strength characteristics of the discontinuity sets for actual or design pit configuration. Bench-berm and inter-
ramp analysis of wedge and plane failure mechanisms is performed in Ellatzite open pit mine on a single 
bench and stack of benches. The obtained results are validated by observed back-breaks and failure angles at 
the mine.
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 (Gómez and Silva 2014). 
 KATS, 

 1 (User’s Manual KATS 2018). 
PPF = P1 x P2 x P3 x P4          (1) 

:
PPF – ;
P1 – ;
P2 – -

20°;
P3 – ;
P4 – - ,

;
, , ,

-  70°. 
 – „Latin Hyper Cube“,  10 000 

. ,
-  3 :

FO =  /  (10 000)  (2) 
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PS =  /    (3) 
PF = FO x PS           (4) 

:
PO – ;
PS – ;
PF – .

,  ((Goodman 1989)) 
 (  5)  (  6). 
FoS = ( sin( ) / sin(1/2* ) ) * ( tan( ) / tan( i) )       (5) 
FoS = ( cos( p) * tan( ) ) / sin( p)         (6) 

:
 – ;
 – , ;
 – ;
i – ;
p – .

,
, KATS 

. ,
Read and Stacey, 2010, ,

 25 %  1.10, ,
,  75 % 

. ,
, ,

 10 %  1.20. 

 ( , , , ) -
-

.

 2.  ( )  – .
-  (  (User’s Manual 

KATS 2018). 

 „ “
 „ “  2021 .

 – .
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(User’s Manual KATS 2018).  „ “

-  3 m.

,
, ,

 (Yalamov and Hadzieva 2020), 
-

. , 2021 .
.

 3. .  – -
.  - .

 1.
 GRD_101 ,

.

 / 
, m

 

 / 
, m

  / , ° , ° 

2 GRD 101 30 / 120 12 / 20  65 / 49.1 1.5 / 1.5 62 / 46.1 68 / 52.1 218.5 53.0 192.0 245.0
3 GRD 101 30 / 120 12 / 20 65 / 49.1 1.5 / 1.5 62 / 46.1 68 / 52.1 242.0 34.0 225.0 259.0
7 GRD 101 30 / 120 12 / 20  65 / 49.1 1.5 / 1.5 62 / 46.1 68 / 52.1 111.5 7.0 108.0 115.0
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, ,
 Dips 

.

. ,
 ( )
 (  2).

 2. 
-  GRD_101 

 Dips. 

 RocData  Barton and Choubey 
- . ,

 3. 
.
.

 23°,  32 kPa. 

 Jennings 1970, 
. ,  – 

 (  4).

 3.  Baton and Choubey. JRC0,
JCS0, JRCn  JCSn  0.1 m, 

 0.1 m, 
 (10 m) .

ceq = (1 – k)*c + k*cj          (7) 
tan eq = (1 – k)*tan  + k*tan j          (8) 

, ° , °

2 GRD_101 JS1 78.1 24.1 30.0 90.0 186.7 24.2 138.3 235.2 
2 GRD_101 JS2 37.6 9.9 17.8 57.5 182.8 58.8 65.1 300.4 
2 GRD_101 JS3 79.2 22.2 34.7 90.0 272.2 22.4 227.3 317.1 
2 GRD_101 JS4 78.8 19.6 39.6 90.0 242.4 9.5 223.5 261.3 
2 GRD_101 JS5 28.8 12.2 4.5 53.2 346.3 38.9 268.5 64.1 

JRC0 JCS0, 
MPa 

, ° 
JRCn JCSn, 

MPa 

, kPa , ° 

GRD 8.0 97.3 31.0 3.8 32.2 9.5 5.0 0.0 19.5 37.3 2.0 33.3 41.3 
HFS 7.0 60.0 27.0 3.7 22.8 8.4 5.0 0.0 18.4 33.6 2.5 28.6 38.6 
MDP 8.0 89.0 29.0 3.8 29.1 9.0 5.0 0.0 19.0 35.1 1.5 32.1 38.1 
SCH 6.0 27.0 26.0 3.5 11.8 7.5 5.0 0.0 17.5 30.3 2.0 26.3 34.3 
PHY 6.0 17.0 26.0 3.5 7.4 7.2 5.0 0.0 17.2 29.6 2.0 25.6 33.6 
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:
k –  – k = lj / ( lj + lr)
c, cj  ceq – , ;

, j eq – ,
;

lr  lj – .

 4. 
. GRD – ; HFS- ;  – ; SCH- ; PHY 

– .

 (MDP 123) 
 6  7 ,  14 

,  KATS, (  4).

.  5, ,
 1.0 ,

 – 50 %  1.0.

 Jennings 
.

 „ “  1390. ,
 SCH 201, ,

 1300 
 1440 (  5). ,  1440  1420 

,  1390 -  (22.8 %), 
 1.06. - ,

,
 1420 

.

 J/
MJ

 

 (J
/M

J)  J/MJ, 
kPa  J/MJ, ° 

, k
Pa

 

, °
 

, k
Pa

 

, °
 

GRD 9.5 37.3 527.6 59.4 1:1/3:1 0.5/0.75 269/139 67/35 134/70 403/209 48/43 5/4 39/34 58/51 
HFS 8.4 33.6 344.2 51.7 1:1/3:1 0.5/0.75 176/92 44/23 88/46 264/139 43/38 4/4 34/30 51/46 
MDP 9.0 35.1 468.7 55.9 2:1/3:1 0.75/0.75 124/124 31/31 62/62 186/186 40/40 4/4 32/32 48/48 
SCH 7.5 30.3 95.4 39.2 1:1/3:1 0.67/0.75 37/29 9/7 18/15 55/44 33/32 3/3 27/26 40/39 
PHY 7.2 29.6 58.4 30.3 1:1/3:1 0.75/0.75 20/20 5/5 10/10 30/30 30/30 3/3 24/24 36/36 
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 4.  7 .

.  5. 

 5. 
 7  ( -

)  MDP._123 

 (backbreak) 
 (failure angle) .

,
.

,
. ,

 ( )  2.0 m, 
. , ,

 MOVE. 
 (backbreak)

-
 ( .6 ).

.

, °
 

, °
 

, m
3 , m

 , m
 

, °
 

, °
 

151 1 60.3 153.2  1457.6 12.0 26.8 93.0 41.3 0.83 0.89 1.03 2 68.4 44.1 

152 1 69.3 144.7  292.8 6.3 30.0 82.0 50.2 0.83 0.89 1.03 2 60.4 34.9 

153 1 43.8 136.4  2424.3 13.9 30.0 121.7 42.9 0.80 0.87 1.00 2 69.5 51.6 

154 1 41.1 131.3  1 2624.7 12.5 27.8 146.9 40.0 0.77 0.83 0.96 2 73.8 71.5 

155 1 69.3 142.7  585.3 8.2 30.0 77.5 47.7 0.80 0.86 0.99 2 52.8 44.1 

156 1 58.2 135.1  1113.5 9.7 30.0 86.2 46.7 0.74 0.80 0.93 2 51.4 54.2 

157 1 48.0 140.2  1146.7 12.7 30.0 114.8 45.1 0.90 0.96 1.11 2 83.8 31.1 

158 1 43.4 118.0  2308.9 13.9 30.0 116.3 43.4 0.72 0.78 0.90 2 85.1 31.3 

159 1 39.8 150.9  1357.7 11.1 30.0 129.1 38.9 1.04 1.10 1.26 2 72.4 54.0 

160 1 58.4 138.7  800.2 9.3 30.0 96.2 50.0 0.74 0.80 0.92 2 63.4 43.2 

161 1 57.4 153.3  1351.8 13.2 30.0 105.7 46.7 0.90 0.96 1.11 2 64.6 45.9 

164 1 47.5 129.3  1440.7 11.9 30.0 97.5 42.9 0.87 0.93 1.07 2 60.0 39.9 

165 1 50.0 112.0  1245.3 8.9 28.0 82.2 45.9 0.71 0.77 0.88 2 50.7 50.4 

166 1 60.9 141.8  514.5 8.1 30.0 97.9 52.3 0.74 0.80 0.92 2 68.8 37.7
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.  „Z_toe“,
.

-  ( . 6b). 

. ,
 ( )  „Z_toe“,

.
 9. 

 5.  „ “. 
,

, .
- .

"Slope_angle" = deg( asin( ("Z" - "Z_toe") / "Nearest Vertex Distance" ) )     (9) 
:

„Slope_angle” – ;
„Z” – “Z_toe” – ;
„Nearest Vertex Distance“ – - .

 6. . . 6  – 
. . 6b – 

.
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,  KATS (  7).

 5 m .
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 7. .

,
. .

,
.

.  7  MDP_123 
8, ,  85 % ,

-  11 m,  65° 
,  45%. ,

.

 8.  MDP 123  7. 
,

 KATS , - .
.
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