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Abstract: Due to the complexity and abruptness of deep engineering disasters, the mechanical parameters of rocks, partic-
ularly uniaxial compressive strength (UCS), play a critical role in stability analysis, risk assessment, support parameter op-
timization, and intelligent construction. Achieving rapid quantitative characterization of rock strength is therefore essen-
tial. A novel approach for the rapid quantitative characterization of rock UCS from a mineralogical perspective is pro-
posed, utilizing laser-induced breakdown spectroscopy (LIBS) technology, thereby introducing a mineral-to-strength con-
version methodology. A spectral database for granite and metamorphic sandstone is constructed using LIBS, and the ele-
mental and mineral datasets of the rocks are acquired by X-ray fluorescence (XRF) and X-ray diffraction (XRD) tests, re-
spectively. The mass fraction of mineral components is analyzed via the support vector regression (SVR) algorithm. In the
end, a mineral-strength conversion model is established to calculate the UCS from the predicted values of mineral com-
ponent concentrations, and its rationality and scientific validity are validated by the standard mechanical tests. Results in-
dicate that the coefficient of determination R* of each element in the spectral-elemental prediction model is between 0.96
and 0.99, and the model can effectively obtain the content of each element; the elemental-mineral prediction model has the
best prediction effect of quartz and aluminum phosphate, followed by feldspathic and mica mineral groups, and good pre-
diction effect of chlorite and turbidite zeolite as well. The multiple linear regression model (R* = 0.850 2) is more suitable
than the least squares method (R* = 0.719 6) for the nonlinear relationship between the predicted value of mineral mass
fraction and uniaxial compressive strength, and the introduction of the correction coefficients can be more effective in real-
izing the accurate conversion of minerals-strengths. Finally, the mineral-strength conversion model is used to conduct rap-
id batch testing of the UCS of rocks in different mileage of working faces at the project site, and combined with the Kri-
ging interpolation technique and Matlab technology to realize the 3D continuous visualization of the UCS at the project

site.
Key words: laser-induced breakdown spectroscopy; mineral composition; quantitative analysis; rapid determination;
spatial visualization
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Fig.1 Schematic geological longitudinal section of the tunnel
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Table 2 Mineral composition of rocks
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Table 3 Partial prediction results of SVR prediction model
WL B S RO 0 /%
HEAGS - - - - - — — — - -
VaE A A B A BEsE A BRb) Hztk Kovat glet BULSY ¥
1S1+016.5 - 3 26.2 1.9 11.5 0 0 18.4 232 0 18.8 0
IS1+152.9 - 2 526 0 0 0 0 163 31.1 0 0 0
R1059+852.8 - 2 12.1 21.7 8.5 35.9 52 0 0 11.1 5.5 0
R1059+914.6 - 1 33.8 11.2 26.4 8.5 14.4 0 0 0 0 5.7
L1060+012.7 - 2 32.7 0 31.5 242 0 0 11.6 0 0 0
L1060+115.3 - 1 47.1 10.4 0 232 0 0 0 19.3 0 0
#F 4 SVR WIEEIMEEE
Table 4 Model performance of SVR
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MAE MSE R MAE MSE R
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Fig.13 Prediction of quartz and aluminite
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Table 5 Regression analysis of the rock UCS and the predicted values of mineral composition
T IRy R
1 UCSP = 1-170Hhigh thgh + 1~358Hmcdi chdi + 2.025H]0WQ10W 0.8502
2 UCSp = 13.646(Hiigh Onigh) —+ +90.294(Hinedi Omeai)® 210" + 12.913(Hion, Q1on) > 0.195 1
3 UCSp = 195.954 — 42.535 Hpigh Ohigh + 1.658(Hinedi Omedi)? + 1.760(Hiow Qiow)” — 0.245(Hiow Otow)* 0.719 6
K6 ZRTYMNEE
Table 6 Hardness of three types of minerals
25 ETT YRS FLICRESE H / MPa EZ DU
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rh A ) ]
PR RHCAT) 32.0 LIU%(2023)!"); BAI%:(2024) )
kA 37.0 LIU%5(2022)11]
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Hzt) 27.0 LIUZE2022)1]
(R RE Ry G 7k} 10.6 MA%(2021)!"
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S8yl 18.0 BAI%(2024) )
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Fig.14 Validation of the feasibility of quantitative

mineral-strength conversion
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mineral-strength conversion
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Fig.17 Instrumentation and samples required for rapid batch

testing of rock strength
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Fig.19 Spatial visualization of uniaxial compressive strength evaluated in working faces of different mileage
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