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Improved matter-element extension model and
its application to prediction of rockburst intensity

HU Jian-hua" *>, SHANG Jun-long" *, ZHOU Ke-ping"*

(1. School of Resources and Safety Engineering, Central South University, Changsha 410083, China;
2. Key Laboratory of Deep Mining and Disaster Control in Hunan Province, Central South University, Changsha 410083, China)

Abstract: Based on the improved matter-element extension theory, an improved matter-element extension model used to
predict the rockburst intensity was established. Firstly, the main factors of rockburst intensity, such as the maximum
tangential stress of the cavern wall gy, uniaxial compressive strength o, uniaxial tensile strength o, and the elastic energy
index of rock W, were taken into account in the analysis. Three factors, oy/o., o/0, and W,, were defined as the criterion
indices for rockburst intensity prediction in the proposed model. Secondly, the classification standards of rockburst
intensity were confirmed. In order to remedy the defect of the correlation function which may exceed the controlled field,
the rockburst intensity classification standards were normalized. And then, based on the game theory, the synthetic weight
values of eigenvalue were determined by integrating the objective-dynamic weight and subjective-static weight, solving
problems occurred in traditional matter-element extension assessment method like indicator weight only depends on
eigenvalue, ignoring the significance of feature. Lastly, the rockburst intensity level (RIL) was predicted by the maximum
incidence degree criterion, then are improved matter-element extension model used to predict the rockburst intensity was
proposed. 20 cases of the engineering project examples of the domestic and foreign were analyzed by using the proposed
model to study the effectiveness and practicality of the model. The results show that the prediction results agrees well

with the practical situations, and have higher accuracy compared with the results of the traditional matter-element
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extension method and the fuzzy mathematics comprehensive evaluation method.

Key words: prediction of rockburst intensity; game theory; improved matter-element extension model; membership

function; incidence degree
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Table 1 Basic data for rockburst intensity analysis of some projects at home and abroad

Parameters measured in field Criterion indices of rockburst intensity

. Maximum Rock uniaxial Rock uniaxial
Project ) ) . Burst tendency
tangential stress, compression tensile strength, index, W, 0p/0, ooy W
oo/MPa strength, o./MPa o/MPa
Gl 90.0 220.0 7.4 7.3 0.41(0.59)  29.7(0.59)  7.3(0.27)
G2 18.8 178.0 5.7 7.4 0.11(0.89) 31.2(0.62)  7.4(0.26)
G3 34.0 150.0 5.4 7.8 0.23(0.77)  27.8(0.56)  7.8(0.22)
G4 90.0 170.0 11.3 9.0 0.53(0.47) 15.0(0.30)  9.0(0.10)
G5 11.0 115.0 5.0 5.7 0.10(0.90)  23(0.46) 5.7(0.43)
G6 47.6 80.3 3.5 5.0 0.59(0.41) 22.9(0.46)  5.0(0.50)
G7 43.6 78.1 3.2 6.0 0.56(0.44) 24.4(0.49)  6.0(0.40)
G8 44.7 82.4 4.7 6.6 0.54(0.46) 17.5(0.35) 6.6(0.34)
G9 30.0 88.7 3.7 7.3 0.34(0.66) 24.0(0.48)  7.3(0.27)
G10 62.6 165.0 9.4 6.8 0.38(0.62) 17.6(0.48)  6.8(0.27)
Gl1 43.4 123.0 6.0 0.72 0.35(0.65) 20.5(0.41)  0.7(0.93)
Gl12 98.6 120.0 6.5 0.80 0.82(0.18) 18.5(0.37)  0.8(0.92)
G13 62.5 175.0 7.3 5.0 0.36(0.64) 24.0(0.48)  5.0(0.50)
Gl4 85.0 180.0 8.3 5.0 0.47(0.53) 21.7(0.43)  5.0(0.50)
Gl15 50.0 130.0 6.0 5.0 0.38(0.62) 21.7(0.43)  5.0(0.50)
Gl6 80.0 180.0 6.7 5.5 0.44(0.56) 26.9(0.53)  5.5(0.45)
G17 57.0 180.0 8.3 5.0 0.33(0.67) 21.7(0.43)  5.0(0.50)
G18 108.4 140.0 8.0 5.5 0.77(0.23)  17.5(0.35)  5.5(0.45)
G19 89.0 236.0 8.3 5.0 0.389(0.61) 28.4(0.57)  5.0(0.50)
G20 55.4 176.0 7.3 6.7 0.31(0.69) 24.1(0.48)  6.7(0.33)

G1—Cave 2 in ertan hydropower station; G2—Underground cavity in Longyangxia hydropower station; G3—Underground cavity in
Lubuge hydropower station; G4—Headrace tunnel of Yuzixi hydropower station, G5—Underground cavity in Lijiaxia hydropower
station; G6—Section K21-720 in Tongyu Tunnel; G7—Section K21-740 in Tongyu Tunnel; G8—Section K21-212 in Tongyu Tunnel;
G9—Headrace tunnel of Tianshengqiao 2rd hydropower station; G10—Headrace tunnel of Tianpingze hydropower station; G11—
Underground cavity in Pubugou hydropower station; G12—Headrace tunnel of Yingping 2rd hydropower station; G13—Heggura
road tunnel in Norway; G14—Sewage tunnel in Norway; G15—Tunnel of Formark nuclear power plant in Sweden; G16—Headrace
tunnel of Vietas hydropower station in Sweden; G17—Laneway of Rasvumchorr mine in former Soviet Union; G18—Laneway of
Raibl lead zinc ore in Italy; G19—Guanyue tunnel in Japan; G20—Underground powerhouse in Laxiwa hydropower station.
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Table 2 Classification standards of rockburst intensity
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Criterion indice None rock burst

Inferior rock burst

Intermediate rock burst Intense rock burst

0y/0, <<0.3(0.7-1.0) 0.3-0.5(0.5-0.7) 0.5-0.7(0.3-0.5) >0.7(0-0.3)
oo >40(0.8-1.0) 40-26.7(0.53—0.80) 26.7-14.5(0.29-0.53) <<14.5(0-0.29)
W <<2.0(0.8-1.0) 2.0-3.5(0.65-0.8) 3.5-5.0(0.5-0.65) >5.0(0-0.5)
Note: Parameters in brackets refer to corresponding memberships of criterion indices.
R3S AR RIS YOI
Table 3 Relational degree of eigenvalue of evaluating indicators
Incidence degree between criterion indices and rockburst
Rockburst
) . Gl G2 G20
intensity level
Cq Co C3 C| Co C3 M Cq Co C3
I —0.21 —0.34 —0.66 0.37 —0.32 0.68 —0.03 -0.4 —0.58
I 0.45 0.22 —0.58 —0.63 0.33 —0.60 0.45 —0.09 —0.49
I —0.18 —0.13 —0.46 —0.78 —-0.19 —0.48 —0.38 0.21 1.06
Y —0.41 —0.42 0.46 —0.84 —0.46 0.48 —0.55 —0.28 0.34
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Table 4 Weight values of evaluating indicators
. Gl G2 G20
Weight
C1 C2 [&] C1 C2 [&] C1 C2 [&]
Objective-dynamic weight 0.26 0.20 0.53 0.15 0.30 0.55 0.19 0.31 0.50
Subjective-dynamic weight 0.30 0.40 0.30 0.30 0.40 0.30 0.30 0.40 0.30
Synthetic weight 0.29 0.36 0.35 0.27 0.38 0.36 0.29 0.39 0.33
RS AP S5 R T
TableS Comparison of practical situations results of proposed model
Synthetic incidence degree of Synthetic incidence degree of
n & RIL m .gr RIL
Number rockburst intensity Number rockburst intensity
I I I IV Context Reality I I I Y Context Reality
Gl  —0.413 0.008 —0.259 —0.110 I I Gl11  —0.143 —-0.199 —0.096 —0.479 I Occurred
G2 0.220 —0.257 —0.450 —0.226 I I G12  0.117 0.177 -0.212 —0.167 I Uncertain
G3 0.253 —0.302 —0.389 —0.094 I I G13  -0.312 -0.014 -0.001 —0.256 I I
G4  —0.617 —0.446 —0.188 —0.030 Y —Iv Gl14 -0.374 —-0.097 0.153 —0.192 I I
G5 0.070 —0.344 —0.151 —0.303 I I G15 -0.346 —0.020 0.092 -0.231 I I
G6  —0.409 —0.174 0.250 —0.171 I I Gl6 —0.346 —0.007 —0.069 —0.201 I I
G7 —0.413 —0.179 0.096 —0.122 I I G17 -0.321 -0.097 -0.052 —0.251 I I
G8  —0.500 —0.184 0.059 —0.031 I I G18 —0.554 —0.384 0.059 0.043 I I
G9 —0.403 —0.174 0.145 —0.094 I I G19 -0.300 0.126 —0.098 0.169 Y —Iv
G10 —0.426 —0.124 0.320 —0.074 Il Uncertain|| G20 —0.353 —0.067 0.320 —0.153 I Occurred
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