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Catastrophe progression method for stability classification of
underground engineering surrounding rock
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Abstract: Based on the catastrophe progression theory, an integrative evaluation method for the stability classification of
surrounding rock was presented. Five control factors, i.e. rock quality designation, uniaxial compressive strengthen,
integrality coefficient, strengthen coefficient of structural plane and seepage measurement of groundwater, were selected
in the analysis of multi-level objective decomposition. According to the catastrophe theory and the fuzzy member
function, the data were normalized and the catastrophic affiliated functional value was calculated, then a catastrophe
progression model was obtained to classify the stability classification of surrounding rock. 12 samples of the first stage
project in Guangzhou pump accumulator electricity station and 18 samples produced by the interpolation method were
taken as the training samples. 22 samples of the second stage project were selected to verify this method. Compared with
the artificial neural network (ANN) method and support vector machine (SVM) method, the results show the catastrophe
progression method has excellent performance and high prediction accuracy, and can be used to evaluate the stability of
surrounding rock in underground engineering.
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Fig.2 Assessment indicator system for stability classification

of surrounding rocks
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Table 1  Stability classification standards for surrounding rock

o/[L- (min-10

H5 Rop/% R,/MPa K, K; B

m) ]
[ 100~90 200~120 1.0~0.75 1.0~0.8 0~5
Il 90~75 120~60 0.75~0.45 0.8~0.6  5~10
I 75~50 60~30  0.45~030 0.6~04  10~25
IV 50~25 30~15 0.30~020 04~02 25~125
Vo 250  15~0 020~0  02~0  125~300
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Table 2 Parameters of training samples from the first stage

project

g Rl RA E‘I’l/l[li CPM [

%  MPa 10m)™] ik K
1 718 901 057 045 00 09566 I
2 510 402 038 055 105 09251 III
3520 250 022 052 120 09103 III
4 680 900 038 038 21.0 09353 Il
5 280 400 032 030 185 08966 IV
6 51.0 450 0.15 030 50 09103 I
7 760 950 070 055 120 09579 I
8 8.0 950 070 050 98 09621 I
9 760 900 057 050 11.0 09533 I
10 500 350 032 035 200 09091 III
11 680 90.0 057 035 185 09416 III
12 820 950 070 035 0.0 09617 1I
13 100 200 1.00 1.00 00 10000 I
147 975 1800 094 095 13 09947 1
155 950 1600 0.88 090 25 09892 1
16 863 105 068 075 63 09700 II
177 825 900 060 070 7.5 09626 II
18" 788 750 053 065 88 09546 I
19° 750 600 045 070 7.5 09490 I
200 688 525 041 055 13.8 09364 Il
21 625 450 038 05 175 09270 I
22" 563 375 034 045 213 09164 I
23" 438 263 028 035 506 08816 IV
24" 500 300 030 040 250 09049 III
257 375 225 025 030 750 08565 IV
260 313 188 023 025 100 08293 IV
27" 188 113 0.15 0.15 168.8 07439 V
28" 250 150 020 020 1250 07982 V
29" 125 75 010 010 2125 06745 V
30° 63 08 005 005 2563 05622 V
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Table 3 Comparison results of several methods for testing sample data
F 5 Rp%  RMPa K, K ity CPMER ISR s et
1 75.0 87.3 0.30 0.63 0.0 09525 II II I
2 52.5 70.5 0.60 0.40 15.0 0.934 8 il il I
3 78.0 130.5 0.75 0.50 10.0 0.965 5 II II I
4 30.2 8.4 0.18 0.18 50.0 0.846 2 v A vV
5 52.5 28.6 0.38 0.16 23.0 0.899 6 v v IV
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Table 4 Results of surrounding rocks classification of the second stage project using catastrophe progression method

JAZE
- KA A w/[L-
N Ron/%  R,/MP K, K . _.. CPM & ZARY
e fi it o ) " (min10m) ] TORE o s
B
_ g 26.0 36.0 0.22 0.35 5.0 0.898 0 v v I\
0+000~0+067 ﬁm fﬁﬁﬂfé
WrZniABa 5000 40.2 0.50 0.50 10.0 0.933 0 11 11 11
52.0 25.0 0.20 0.50 5.0 0.9126 11 11 11
0+067~0+130 L NAe
71.0 90.0 0.35 0.30 18.0 0.9345 11 11 11
75.0 95.0 0.70 0.50 0.0 0.963 1 1l Il 1
0+130~0+198 OAAL
77.5 90.0 0.57 0.45 10.0 0.953 2 1l Il 1l
50.0 70.0 0.50 0.25 5.0 0.9310 111 11 11
50.9 34.0 0.32 0.35 21.0 0.908 6 111 11 11
0+198~0+297 /= mhARHy
31.5 20.0 0.23 0.25 46.0 0.866 4 v v v
50.6 26.0 0.26 0.35 20.0 0.905 5 111 11 11
75.5 90.0 0.45 0.52 8.0 0.9518 1 1l 1
0+297~0+406 TRk, 85.5 94.0 0.65 0.55 0.0 0.966 9 II Il II
80.0 95.0 0.50 0.45 0.0 0.958 8 II Il 11
0+406~0+426  WijZmAE7: 350 70.5 0.35 0.30 10.0 0.916 7 il v I
50.0 90.0 0.50 0.25 5.0 0.935 4 11 11 il
0+426~0+560 Rtk 85.0 93.0 0.60 0.50 0.0 0.964 2 Il Il Il
78.5 92.0 0.55 0.50 6.0 0.956 9 II Il Il
0+560~0+622  WiZmhAsai 302 70.0 0.40 0.20 10.0 0.9108 11 I\ it
0+622~0+686 AL, 85.0 92.0 0.70 0.50 10.0 0.960 7 I Il 1l
0+727~0+828 AL, 51.0 35.0 0.32 0.35 15.0 09126 m 11 I
) 87.0 95.0 0.50 0.45 0.0 0.961 4 1I Il 1l
J X AL
82.0 96.0 0.75 0.35 0.0 0.963 0 1l Il 1
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