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An Analysis for the Formation and Kinematic Behavior of Potential
Tetrahedral Block on the Roof of Underground Excavation
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Abstract

A computerized system capable of analyzing the formation of the potential keyblock on the roof of underground
excavation, together with its kinematic behavior and the stability, has been developed. Database for the spatial
characteristics of joint was established in the system and the digitized joint map was produced by superimposing the
joint distribution on the layout of underground opening. Existence of a potential keyblock, assumed to be a tetrahedral
wedge, was algebraically determined by utilizing the plane equation of joints consisting of the block surfaces in 3-D
space. Stability of tetrahedral block subject to the body weight was also calculated by considering the kinematic behavior
of block with respect to the orientations of the sliding planes. To illustrate the practical applicability the formation and
the failure mode of potential keyblock developed on the roof of Eonyang Crystal cave were investigated and compared

with the results of computerized system.
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Fig. 1. Joint map of Eonyang crystal cave



Table 1. Data of the first 10 joints measured at Eonyang Crystal

cave
Joint No. | xin{m) | yiilm) | Xedm) | yedm) | dip(°)
1 -0.150 | 2.800 0.400 -0.250 82
2 0.900 2.850 -0.250 1.350 60
3 0.050 1.400 0.550 2.400 48
4 1.500 3.150 1.100 1.750 70
5 1.900 2.750 1.950 1.450 88
6 1.525 2.050 1.450 1.100 62
7 1.225 1.450 1.750 0.700 69
8 1.475 1.775 1.675 0.575 86
9 1.975 1.675 1.300 0.425 50
10 1.675 | ~0.150 | 1.650 0.700 90
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(a) free falling

(b) sliding on one joint plane

{c) sliding on two joint planes

Fig. 7. Joint maps showing tetrahedral wedges of different failure modes( 3 1 : dip angle of joint plane 1, 82 : dip angle of joint plane 2,

B3 : dip angle of joint plane 3)
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Table 2. Safety factor of tetrahedral block for the case of sliding
on one joint plane

dip safety factor
30 1.732
35 1.428
40 1.192
45 1.000
50 0.839
55 0.700
60 0.577
65 0.466
70 0.364

$=45°

Table 3. Safety factor of tetrahedral block for the case of sliding
on two joint planes

dip safety factor
40 1.892
45 1.633
50 1.412
55 1.215
60 1.033
65 0.859
70 0.689
$2= ¢3=45°
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Table 4. Results of model analysis for the tetrahedral block on the roof of Eonyang Crystal cave

failure mechanism’

block joint combination forming areﬁi:ggtla:se tetr;ﬁg‘dn:; glfock tace factor of
number tetrahedral block (m?x 10 (mix 10-%) safety?
#1 #2 #3
1 1 2 3 78.30 2.900 0 0 0 ND?®
2 6 7 8 51.20 5.100 0 1 0 0.049
3 7 8 9 1.90 0.035 1 0 0 0.049
4 23 24 25 235.30 272.600 0 1 0 0.255
5 26 29 30 61.70 1,345.500 0 1 0 0.404
6 31 32 33 104.90 127.300 1 1 0 0.317
7 64 65 66 11.30 0.300 0 0 1 0.676
8 64 65 68 30.20 1.100 0 1 0 0.012
9 65 66 68 39.40 1.200 0 1 0 0.012
10 70 71 72 5.20 0.200 0 1 0 0.074
1 75 76 77 13.10 0.200 0 0 0 ND?
12 96 g7 98 2.20 0.041 0 0 0 ND?
13 120 121 122 98.20 334.000 1 1 0 1.242
14 124 125 126 40.50 2.300 0 0 1 0.149
15 161 162 164 96.10 4.400 0 0 0 ND?
16 183 184 185 23.60 5.800 1 0 0 0.00°
17 193 195 196 13.80 14.300 0 0 1 0.404
18 204 205 206 1.10 0.034 0 0 1 0.162
19 210 21 212 25.80 4,100 0 0 1 0.049

' 0 : free falling, 1 : sliding
2 0=0, ¢=35°

# ND : not determined
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(c} Sliding on two faces - block 13

Fig. 10. Tetrahedral blocks of different failure modes
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