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Reliability analysis method on unstable rock mass controlled
by discontinuous structure
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Abstract: The stability and reliability of unstable rock in the sliding failure mode are controlled by the
discontinuous structure. The variability of the connection rate of the structural plane, the section intensity
parameters, and the force on unstable rock exerts high degree of uncertainty on the reliability of unstable rock. This
paper presents a method for the reliability analysis of unstable rock controlled by discontinuous structure. Based on
Monte Carlo method, the reliability calculation method of unstable rock mass with uncertain structure and uncertain
force parameter was established. The sensitivity of each factor corresponding to the instability probability was
analyzed and the dominant factor was determined by orthogonal test. Through the response surface design method,
the influence of the dominant factor parameter variability on reliability was analyzed. The study on the Nanmenwan
unstable rock belt shows that the connection rate and cohesion of unbroken segment are the main factors that
influence the reliability of the rock mass, and the influence of variation of the two parameters on the reliability of
unstable rock mass is controlled by their mean size. When the selected mean value causes the unstable rock mass to
become unstable, the probability of instability will increase with the decrease of the coefficient of variation and the
low variability will lead to an overly conservative assessment of reliability. The coefficient of variation is positively
correlated with the probability of instability as the mean tends to be the stable segment of the unstable rock mass,
and low variability parameters may result in a non-conservative estimate of the reliability of hazardous rocks. The
study provides references for the reliability evaluation of this kind of unstable rock.
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Fig. 1~ Model of unstable rock masses with discontinuous
structures
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Tab.3 Factors and levels of orthogonal test

p% e B = f ]
A—/,Lcj/kPa 70.4 ~96.5 79 86 93
B—u,,/kPa 815.5 ~993.8 871.6 931.6 991.6
Cf,u,w-/(o) 23.5~27.6 23.5 25.6 27.6
D—u,/(°) 32.7~37.1 33 35 37
E—,u.ﬂ/% 28.9~41.3 30 35 40
Ff,u,()/kN 610 ~ 645 610 625 640
G—uy/kN 35.7~72.9 38 52 66
H—pyy/MN 12.2 ~12.9 12.2 12.5 12.8
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Tab.4 Results and design of orthogonal test

T A T A P S VA (A TR -

ES

kPa kPa (°) (°) % kN kN MN F/%
1 79 871.6 23.5 33 30 610 38 12.2 49.67
2 79 871.6 23.5 33 35 625 52 12.5 73.40
3 79 871.6 23.5 33 40 640 66 12.8 90.93
4 79 931.6 25.6 35 30 610 38 12.5 33.63
5 79 931.6 25.6 35 35 625 52 12.8 58.56
6 79 931.6 25.6 35 40 640 66 12.2 67.78
7 79  991.6 27.6 37 30 610 38 12.8 19.33
8 79  991.6 27.6 37 35 625 52 12.2 25.08
9 79 991.6 27.6 37 40 640 66 12.5 49.97
10 86 871.6 25.6 37 30 625 66 12.2 44.50
11 86 871.6 25.6 37 35 640 38 12.5 66.72
12 8 871.6 25.6 37 40 610 52 12.8 85.23
13 8 931.6 27.6 33 30 625 66 12.5 29.90
14 8 931.6 27.6 33 35 640 38 12.8 53.70
15 86 931.6 27.6 33 40 610 52 12.2 60.50
16 8 991.6 23.5 35 30 625 66 12.8 26.34
17 86 991.6 23.5 35 35 640 38 12.2 33.25
18 86 991.6 23.5 35 40 610 52 12.5 58.13
19 93 871.6 27.6 35 30 640 52 12.2 39.86
20 93 871.6 27.6 35 35 610 66 12.5 62.17
21 93 871.6 27.6 35 40 625 38 12.8 82.26
22 93 931.6 23.5 37 30 640 52 12.5 35.51
23 93 931.6 23.5 37 35 610 66 12.8 59.95
24 93 931.6 23.5 37 40 625 38 12.2 66.45
25 93 991.6 25.6 33 30 640 52 12.8 23.90
26 93 991.6 25.6 33 35 610 66 12.2 29.01
27 93 991.6 25.6 33 40 625 38 12.5 54.30

x5 WBESW
Tab.5 Range analysis results

T By Ba My He My Ko Ky My
Ky, 52.04 66.08 54.85 51.70 33.63 50.85 51.03 46.23

50.92 51.78 51.51 51.33 51.32 51.20 51.13 51.53
Ky 50.38 35.48 46.97 50.30 68.39 51.29 51.17 55.58
R 1.66 30.60 7.88 1.40 34.76 0.44 0.14 9.35
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Fig.2  Orthogonal test effect of instability probability
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Tab.6 Factors and levels of response surface test

- K
-1 0 1
A—1,,/kPa 871.6 931.6 991.6
B—CV,, 0.03 0.06 0.09
C—p,)/ % 30 35 40
D—Cv, 0.1 0.2 0.3

8 5 R R 1 RIS 553K 6 i DA 3K P it
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AL I B 23R

P, =51.97 - 19. 814 + 0. 33B + 22. 21C +
0.098D +2. 34AB + 0. 87AC + 6. T3AD - 2. 42BC +



55 8 1

MR, S WA T S 6 A R TSR T 4 - 125 -

0. 15BD =7.39CD + 0. 0074% = 0. 55B*> - 0. 32C* -
0.57D".
£7T MEEREZITSER

Tab.7 Design and results of response surface test

E  w/kPa OV, /% CV, SRR/ %
1 871.6 0.06 35 0.1 79.67
2 931.6 0.06 35 0.2 53.13
3 931.6 0.06 30 0.3 34.57
4 931.6 0.06 40 0.1 82.60
5 871.6 0.06 30 0.2 49.73
6 931.6 0.03 30 0.2 25.45
7 991.6 0.06 30 0.2 13.51
8 871.6 0.09 35 0.2 69. 64
9 991.6 0.03 35 0.2 28.87
10 931.6 0.09 35 0.1 51.01
11 991.6 0.06 35 0.3 36.39
12 931.6 0.06 30 0.1 19.71
13 991.6 0.06 35 0.1 22.47
14 931.6 0.06 35 0.2 52.89
15 991.6 0.06 40 0.2 55.29
16 931.6 0.09 35 0.3 51.35
17 931.6 0.06 40 0.3 67.90
18 931.6 0.03 35 0.1 50. 60
19 931.6 0.06 35 0.2 52.26
20 931.6 0.06 35 0.2 51.25
21 931.6 0.03 35 0.3 50.36
22 931.6 0.03 40 0.2 75.41
23 871.6 0.06 35 0.3 66.67
24 871.6 0.03 35 0.2 74.10
25 871.6 0.06 40 0.2 88.01
26 931.6 0.09 30 0.2 31.42
27 931.6 0.09 40 0.2 71.71
28 931.6 0.06 35 0.2 50.32
29 991.6 0.09 35 0.2 33.60
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Tab.8 Variance analysis of response surface model

HRI FAM HHEE X FE PE
IR 11 080.44 14 791.46 131.53  <0.000 1
Aqu,  4708.04 1 4708.04  782.41 <0.0001
B-CV,, 1.29 1 1.29 0.21 0.650 0
Cu,  5919.85 1 5919.85  983.79 <0.000 1
D-Ccv, 0.12 1 0.12 0.019 0.8915
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AD 181.17 1 181.17 30.11  <0.000 1
BC 23.38 1 23.38 3.88 0.068 8
BD 0.084 1 0.084 0.014 0.907 6
CD 218.45 1 218.45 36.3  <0.0001
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B 1.94 1 1.94 0.32 0.579 3
c? 0.68 1 0.68 0.11 0.742 4
D? 2.14 1 2.14 0.36 0.560 6
k2% 84.24 14 6.02
2 4035 78.73 10 7.87 5.71 0.053 9
aiiR 7% 5.52 4 1.38
MR 11 164.68 28
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4.3.3 B HAEHSH

AN ) A% i [R] 22 H AR X A8 5 2R AR 3R 52 0] 1) iy
TR 5 R W 3 iR, I 3 (a) ((b) ((c) AIAL,
TERDUEBRF R BMES 50 3 s auir, =4
o T TR 25 R i) 1 8 s 1 B 34 A T 25 03] i &l 3 (a) il
IR e T CV s B T RN RITHACH AR
X P AEAE— 8 B B B s ), AEL i o7 I S 2, Horp
4w, BINEF CV X PSR S SR DG Y, B ., 1Y
BRI AR R SR TS, Y e, SRS P& T
50% LAJG , —F 5 A IEADEE R, WE 3 (b) fiR,
o T, (SE AR IS PREM 5 FE AR fH 5%t P,
(1R S M A BRI AN A2 45 e /NS AR T el AR, HLiZ
TR0, B0 UE T & X P 5 i B4
T HBEA G 38 B AE RS2 M. 2218 3 (e) v, B




- 126 - /S NS N A N -

551 4%

B w5 CV, 58 TARFIRE P WIRE
M BUNEE, CV, B REAS (1 K R
WEAE 13.00% , 4 pu, BRI, OV, 5 6 34 e i 41 12
MR, P BE CV, (IR TR TT 13.92% . 153
AR 5 OV, OV, BB SE I (1 3(d) |
(€)).CV, 55 CV, i PR S 3 (a) ()
B AR, B2 o, /N, PR CV,, CV, BT 43

931.6
A:p kPa 9616
& 991.6 0.03

(a) ABW N TH

o

REGHEEP 1%
|3 I~

0.06
B:cv, 0074

8
0.

(d) BC ¥ T

(b) ACH# ¥ T

IR 5.97% ,14. 86% , 4 w, B KB, P CV, |
CV, YT 43 51/ 3. 70% ,14. 7% . i [ 3 (f) 7]
WL w5, BECH R KOE, B PGSR T 50% B
CV,, 5 CV, 13 H M AR R K P10 T HAS |
VERIX P JCR N, B A #4 JC I ii 2s P,
AN, R BH PR R (B 1 vh R K P45 P+
AT A

3 EREEXEMNESH

Fig.3 Response surface analysis of the interaction of factor variables
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