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Fig. 1 Traditional radar chart
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Fig. 2 Flowchart of rockburst grade evaluation model based on

game—optimized radar chart
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Table 2 Classification criteria for rockburst grade
W R bR

o,/0. W, K, h/m
0~03  0~2  0~055 0~50
0.555~0.65 50 ~200
0.65~0.75 200 ~ 700

0.75~1 700 ~2 000

HIREYL

o/,

I 40 ~ 80

I 26.7~40 0.3~0.5
] 14.5~26.7 0.5~0.7
v 0.7~1 5~10
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0~14.5
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Table 3 Learning sample of rockburst data

) BRI
FEA
a,/o, ay/0, W, LS h/m
1 80 0 0 0 0
2 40 0.3 2 0.555 50
3 26.7 0.5 3.5 0.65 200
4 14.5 0.7 5 0.75 700
5 0 1 10 1 2000
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Table 4 Normalized sample intervals
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a /o, a,/a, W, LS h
11 1 1 1 1
205 0.7 0.8 0.445 0.975
3 033375 0.5 0.65 0.35 0.9
4 018125 0.3 0.5 0.25 0.65
5 0 0 0 0 0
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Table 5 Weight values from different weighting methods
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Fig. 4  Optimized radar chart of samples



2025 FEE 4/ E 405

EEEE N

x6 HAFEEHSE
Table 6 Radar chart data of samples

PR s I, , 0,
1 2915 6.168 1 0.963
2 2.071 6.506 0.71 0.615
3 1.681 6.991 0.577 0.432
4 1.163 7.648 0.399 0.25
5 0 0 0 0
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Table 7 Evaluation function data

FEA 1 2 3 4 5

f 0.981 0.661 0.499 0.316 0
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Table 8 Classification ranges of evaluation functions for

different rockburst levels
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Table 9 Rock mechanical parameters of 6 rock masses

from the Dongshan Copper Mine

fp— A1 SH
o./o, 0,/0, W, K, h/m
iy R 8.06 0.55 3.97 0.75 634
NS 14.56 0.37 10.57 0.71 7275
ARARE 9.89 0.61 5.76 0.82 762.5
W R 1151 0.82 3.11 0.55 795
miba 7.58 0.53 7.27 0.68 843
e 13.43 0.44 6.38 0.67 851.5
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Table 10 Rockburst grade evaluation results
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Rockburst grade evaluation based on game—optimized radar chart model

Long Jingjing', Zhao Lijun', Zhang Qianjun?, Zhang Xiongwei®
(1. Changba Lead-Zinc Mine, Gansu Changba Nonferrous Metals Co., Ltd.;
2. Deyang Haohua Qingping Phosphate Mine Co., Ltd.;
3. Kunming Engineering & Research Institute of Nonferrous Metallurgy Co., Ltd. )

Abstract: Rockburst, a critical challenge in underground geotechnical engineering, has made rockburst grade
evaluation a pivotal research focus. To accurately assess rockburst grades in underground excavation projects, this
study proposes a rockburst grade evaluation system based on a game—optimized radar chart. First, an evaluation system
for rockburst was established using rock brittleness coefficient o /o, stress coefficient o /o, elastic strain energy index
W, rock mass integrity coefficient K, and burial depth h. Grade classification standards for these indicators were
defined. Subjective and objective weights were calculated using an improved analytic hierarchy process and the CRITIC
method, respectively, with combined weights determined via game theory. By integrating radar chart principles and
optimized radar chart, a characteristic vector evaluation function range for different rockburst grades was developed.
The rockburst grade of a sample was then evaluated based on the magnitude of its radar chart characteristic vector
evaluation function. To validate the model’s effectiveness and reliability, it was applied to analyze rockburst cases during
mining operations at the Dongshan Copper Mine. Results demonstrate that the evaluation outcomes based on game—opti-
mized radar chart align with actual rockburst grades, confirming the rockburst grade evaluation model’s practicality.

Keywords: deep shaft mining; rockburst; grade evaluation; analytic hierarchy process; game theory weighting;

radar chart



