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Fig. 1 Stereographic projections of structural planes

2 3D BB LA
Fig. 2 3D view of blocks formed

Normal stress/MPa
™ (0-0.200
= (.200-0.400
= (.400-0.600
= 0.600-0.800
0.800-1.000
9 1.000-1.200
= 1.200-1.400
= 1.400-1.600
 1.600-1.800
= 1.800-2.000
2.000-2.200
2.200-2.400
2.400-2.600
2.600-2.800
= 2.800-3.000
= 3.000-3.200

B3 3D IENiERE

Fig.3 3D Distributions of normal stress

Shear stress/MPa

1
coo
—
N
773
{on]
2
W
o>

EEREEEER

HEOOO00000000

El 4 3D UIN I HLE
Fig. 4 3D distributions of shear stress

IER KR SR AE 0~2.0 MPa 2 [1], Hir, 5%
/NEN.J1 4 0.067 MPa, 2 KIEN 324 1.875 MPa; 1]
N H R R AE 0~0.8 MPa 2 [0], /NN SN
0.06 MPa, # KVIN.Jj24 0. 873 MPa.

MR AR, T LOERE 3D A A 2 A
FEAEAEAN ) AT 1] 554650 £ BS] T2 B R BRAAR TR 25 B R AL
W RE SCFE ST B KRR, B KA Tt DA K e
AN F A . B 5~T BT g3 ) A AN TR ) 5 f £
INF R BT 55 SCRE AN]R8 ) 5 4650 £ BT 170 fpe R A A



329

FIAELL, S RIS AR SR LA DX ) B AR A T SV

2745 2 W)

B AN R S5 A I R KT L 3D #LIEL;
8~10 Jr7m 7353 2 AN RIS 480 1N B i 45 70 AN

re at sg

Presgy
efficie

5 NIRRT ) S A I DA BT S8 3D ALK

Fig. 5 3D view of needed supporting stress at different trends

and inclination angles

S
(=]
e/m3

Maximum wedge volum

Bl 6 AR 55 WU I K HA AR 3D ALK

Fig. 6 3D view of maximum block volumes at different

trends and inclination angles

4 5
k)
3 &
5
&
£
>
[+
=

7 NIRRT N PR SR KT S5 3D KL
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Table 1 Parameters of rock blocks formed by varying structural planes
Plane p](?;)ti:n B;I(;C.k Safety index Volmuine/ Mass/kg Sliding plane Ar;zi;fei;(img stlje(;rsn/ll\illlN dSirI::iltIilogn
Floor 2 Stable 8.034 23367 Stable
123 Lower left 3 0.976, 2.772 0.787 2245 Joint 1 1.54 0.004 4, 61
Lower right 6 14.606, 30.624 0.720 2143  Joints 2 and 3 1.31,2.28  0.020,0.019 113, 33
Roof 7 0 2.908 8469  Falling wedge
Floor 1 Stable 50.527 146939 Stable
14 Lower left 2 4.339, 7.005 0.639 1837  Joints 1 and 2 2.80,0.21 0.002,0.005 29,49
Lower right 7 0.387,10.157 0.803 2347 Joint 4 4.96 0.010 151,70
Roof 8 0 21.671 62959 Falling wedge 25,72
Floor 1 Stable 4435 12857 Stable
Upper left 4 2.885, 8.499 0.563 1633 Joint 1 3.46 0.003 4,61
125 Lowerright 5 45.401, 73.649 0.285 816  Joints 2 and 5 0.12, 1.41 0.003, 0.006 133, 12
Upper right 7 19.214, 69.988 0 0 Joint 5 0.01 0 220, 50
Roof 8 0 0.856 2449  Falling wedge
Floor 1 Stable 61.146 177755 Stable
134 Lower left 2 2.253, 6.604 0.553 1633 Joint 1 2.63 0.003 4,61
Lower right 7 0.387,10.411 0.646 1837 Joint 4 4.09 0.008 151,70
Roof 8 0.685, 0.594 33465 97245 Joint 3 12.07 0.170 23, 85
Floor 1 76.147, 126.154 0.432 1224 Joints 3 and 5 1.91,3.19  0.007,0.013 297,7
135 Upper left 4 4.976,9.543 0.879 2551 Joints 1 and 3 4.14,1.04 0.011,0.010 306, 63
Lower right 5 Stable 0.277 816 Stable
Upperright 8 5.715,5.310 0.236 714 Joint 3 0.90 0.001 23, 85
Floor 2 Stable 131.744 382959 Stable
Lower left 4 4.989, 14.812 0.149 408 Joint 1 1.61 0.001 4,61
145 Lowerright 5 3311, 10.350 0.149 408 Joint 5 0.58 0.003 220, 50
Roof wedge 7 1.835,5.366 122.706 356735 Joints4and5 120.36,64.25 0.949,3.108 251,43
Floor 4 Stable 98.798 287245 Stable
234 Upperright 5 3.533,4.429 96.183 279592 Joints3and4 97.47,77.39 1.512,2.447 110,48
Upperright 4 20.410, 10.562 6.581 19184 Joints2and3  7.31,14.97 0.185,0.173 113,33
Lower left 5 45.644, 55.912 3.741 10918 Joints3and5  11.11,7.03 0.061,0.115 297,7
233 Upper left 6 0 0.001 0 Falling wedge
Roof 8 56.645, 60.474 0 0 Joint 3 0.01 0 23,85
Lower left 3 Stable 14.737 42857 Stable
245 Upperright 6 0.387,3.499 15261 44388 Joint 4 30.57 0.192 151,70
Upper left 8 0.000 0.005 0 Falling wedge
Lower Left 3 29.307, 47.479 3.000 8673  Joints 3 and 5 3.67,837  0.049,0.092 297,7
345 Upperright 6 0.387, 4.837 6.047 17551 Joint 4 417.18 0.076 151,70
Upper left 8 9.308, 8.678 0.053 204 Joint 3 0.33 0 23, 85
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Table 2 Shear strength parameters of structural planes

Structural plane number

Cohesion, ¢/MPa

Friction angle, ¢/(°)

Friction coefficient

1 0.01-0.03 2024 0.364-0.4452
2 0.013—0.025 15-19 0.2679-0.3443
3 0.032—0.07 35-40 0.7002—-0.8391
4 0-0.005 30-33 0.5774—0.6494
5 0.008—0.022 25-28 0.4663—0.5317
=3 AF AR X 0] ) FE MR AT 5E
Table 3 Interval and random reliabilities of different blocks
Plane Block position Block No. Safety index Interval reliability Random reliability
Floor wedge 2 Stable Stable block Stable block
123 Lower Left wedge 3 0.976, 2.772 1.0026 3.1332
Lower Right wedge 6 14.606, 30.624 2.8251 10.3024
Roof wedge 7 0 Dropping block Dropping block
Floor wedge 1 Stable Stable block Stable block
124 Lower Left wedge 2 4.339, 7.005 1.6506 5.2682
Lower Right wedge 7 0.387, 10.157 0.346 —1.0524
Roof wedge 8 0 Dropping block Dropping block
Floor wedge 1 Stable Stable block Stable block
Upper Left wedge 4 2.885, 8.499 1.671 5.0646
125 Lower Right wedge 5 45.401, 73.649 2.3557 7.7945
Upper Right wedge 7 19.214, 69.988 2.1429
Roof wedge 8 0 Dropping block Dropping block
Floor wedge 1 Stable Stable block Stable block
134 Lower Left wedge 2 2.253, 6.604 1.5685 4.7675
Lower Right wedge 7 0.387,10.411 0.3687 —0.8428
Roof wedge 8 0.685, 0.594 1.1478 —3.5294
Floor wedge 1 76.147, 126.154 2.6149 10.9677
135 Upper Left wedge 4 4.976, 9.543 2.0178 8.2257
Lower Right wedge 5 Stable Stable block Stable block
Upper Right wedge 8 5.715,5.310 2.2982 6.9125
Floor wedge 2 Stable Stable block Stable block
145 Lower Left wedge 4 4.989, 14.812 2.2982 5.4995
Lower Right wedge 5 3.311, 10.350 1.6696 5.1213
Roof wedge 7 1.835, 5.366 1.1432 5.5168
234 Floor wedge 4 Stable Stable block Stable block
Upper Right wedge 5 3.533,4.429 2.5879 9.3132
Upper Right wedge 4 20.410, 10.562 2.9155 10.3105
235 Lower Left wedge 5 45.644, 55912 2.8451 10.5679
Upper Left wedge 6 0 Dropping block Dropping block
Roof wedge 8 56.645, 60.474 2.6842
Lower Left wedge 3 Stable Stable block Stable block
245 Upper Right wedge 6 0.387, 3.499 2.948 —9.4448
Upper Left wedge 8 0 Dropping block Dropping block
Lower Left wedge 3 29.307, 47.479 2.8648 12.7096
345 Upper Right wedge 6 0.387, 4.837 1.8327 -1.4713
Upper Left wedge!® 8 9.308, 8.678 2.3832 7.1635
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Non-probability reliability of key blocks of roadways subjected to
blasting loads applying interval theory

GAO Sai-hong" %, CAO Ping', WANG Sheng-lian?, CHEN Yu'

(1. School of Resources and Safety Engineering, Central South University, Changsha 410083, China;
2. School of Applied Science, Jiangxi University of Science and Technology, Ganzhou 341000, China)

Abstract: The mechanical parameters of rock obtained from laboratory tests are vital important to the stability
investigations on key blocks. However, due to the restraints from the complicated rock structure and the limitation of
available test data, it is difficult to determine the accurate probabilistic distribution of any mechanical parameter.
Therefore, problems might be encountered in the traditional reliability analysis characterized by random probability. In
the reliability indication process characterized by non-probabilistic reliability with interval theory, parameters are
represented by the intervals which reflect the uncertainty caused by the limited sample data. In addition, it is easier to
determine the value range rather than the probabilistic distribution of specific parameters. Based on the interval
mathematical theory and the related analysis of parameter properties, the uncertainty of the reliability analysis of
surrounding rock was indicated by the interval values of rock strength. The comprehensive analytical model was
established by probing the computing method for the index of interval non-probability. Moreover, the interval value of
safety index and the random reliability are obtained by applying proposed method in a specific engineering scenario. The
following results were concluded, safety analysis index can only be used in the single stability evaluation of a specific
parameter. While systematic evaluation of key blocks can not be conducted by applying safety index analysis. The
engineering application of the random probabilistic method is restrained by the obtained result varying in a large range.
The difficulties encountered in the indication process of probabilistic density function and the great data volume are
needed, the determination of the probabilistic density function is not required when applying non-linear reliability
analysis based on interval theory and, thus, the reliability analysis can be conducted based on interval presentation of
limited sample data. The entire reliability characteristics of key blocks stability can be represented accordingly.

Key words: blasting loads; damage; tunnels; key block; non-probabilistic reliability analysis applying interval theory
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