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Reliability analysis method of sub-classification of tunnel rock mass and
its engineering application

LI Shu-cai, HE Peng, LI Li-ping, ZHANG Qian-qing, SHI Shao-shuai, XU Fei, LIU Hong-liang

(Geotechnical and Structural Engineering Research Center, Shandong University, Ji’nan, Shandong 250061, China)

Abstract: During the classification of surrounding rock in tunnel engineering, different results are normally obtained by the same
evaluation system and classification standard. It is caused by the uncertainty of rock parameters and the discreteness and randomicity
of evaluation indices, which are resulted from the instrument error and artificial operation in the testing process. Especially in the
sub-classification of surrounding rock, evaluation results usually have poor robustness, even grade skipping. Hence, it is necessary to
investigate the reliability of surrounding rock classification. Based on the handbook of Engineering Rock Classification Standards, we
analysed the probability distribution function of rock strength and rock mass integrity index. The system reliability analysis theory
was also introduced to build the function of different surrounding rock grades. Moreover, Monte Carlo method was applied to
calculate the reliable probability belonging to different evaluation levels. Finally, the reliability analysis method was proposed for the
sub-classification of surrounding rock, according to the basic quality (BQ) method. Since this method takes into account the
uncertainty and discreteness of the evaluation indices sufficiently, the calculated reliability indices can make a more steady evaluation
result. Besides, the reliable probability can reflect the dispersion degree of working face information of the developed fault fracture
zone and the weak interlayer to a certain extent. This method was applied to the surrounding rock sub-classification of Laohushan
tunnel in Jinan belt highway. It was found that the evaluation results were consistent with the actual levels of surrounding rock.

Besides, the continuity of reliability indices at different surrounding rock levels can quantitatively express the changing conditions of
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geological attributes during the tunnel construction. Therefore, this study provides data support forthe transformation of

construction method and the optimisation of supporting parameters. Research results have significant references for surrounding rock

sub-classification in large-cross-section tunnels.

Keywords: sub-classification of surrounding rock; reliability analysis theory; uncertainty analysis; rock mass basic quality (BQ);

engineering application
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