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Estimation of uniaxial compressive strength based on fully Bayesian
Gaussian process regression and model selection

SONG Chao, ZHAO Tengyuan, XU Ling
(School of Human Settlements and Civil Engineering, Xi'an Jiaotong University, Xi'an 710049, China)

Abstract: In order to establish an optimal model for estimating the uniaxial compressive strength (UCS) of rocks as well as its
reasonable estimation, a fully Bayesian Gaussian process regression method (fB-GPR) is proposed by combining the Gaussian
process regression (GPR), Bayesian framework and Markov Chain Monte Carlo (MCMC) simulation. The proposed fB-GPR
approach is compared with different model selection methods, such as the Akaike information criterion (AIC), Bayesian
information criterion (BIC), deviation information criterion (DIC), Kullback information criterion (KIC), etc. The results show
that the proposed fB-GPR method performs better than other methods. In 100 random trials, the probability of M-7 being
selected as the optimal model by fB-GPR method reaches 100%, and the accuracy of selecting the optimal model is far higher
than other model selection methods. When the measurement noise reaches 50% of UCS standard deviation, the proposed
fB-GPR can still achieve model selection accurately, which shows that the fB-GPR approach is robust and accurate, and is less
affected by the measurement noise associated with UCS, comparing with other model selection methods. The proposed fB-GPR
therefore provides a new way for establishing the optimal estimation model as well as reasonable estimation for the key
geotechnical parameters in practice.
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Table 1 Basic descriptive statistics of rock index database

ZH UGS Lol RL wi(m's)  nd/%  Gs

MPa MPa
B/ME 2030 1.08 16.80 1160.00 0.64 2.42
FHIME 49.65 447 42.30 414569 227 2.57
BN 91.00  8.19 56.50 5661.00 7.23 2.66

WREE 1565 1.63 7.51 841.73 1.53  0.05
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Fig. 1 Pearson correlation coefficient among rock indices
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Table 2 Candidate models for model selection and corresponding rock indices

€ I ” 2
B S  Is/MPa RL w/(mst) /% Gs E%gg S It i W
M-1 A —-450.66 3.27x1074 0.72 0.60
M-2 A —468.83 4.19x102 0.52 0.49
M-3 A —451.09 2.13x10 0.69 0.69
M-4 A —479.57 9.14x10% 0.38 0.33
M-5 A —486.61 7.94x1073% 0.22 0.19
M-6 A A -450.14 5.51x1074 0.75 0.63
M-7 A A -419.98 0.688 0.89 0.84
M-8 A A —447.66 6.54x10°13 0.77 0.67
M-9 A A -450.96 2.42x10714 0.74 0.62
M-10 A A —437.88 1.15x10°8 0.80 0.79
M-11 A A —-470.91 5.27x10% 0.53 0.49
M-12 A A —471.13 4.21x102 0.53 0.49
M-13 A A —444.98 9.58x10712 0.82 0.79
M-14 A A —451.24 1.84x10™4 0.72 0.71
M-15 A A —481.87 9.14x10%8 0.38 0.34
M-16 A A A —421.69 0.125 0.89 0.84
M-17 A A A —449.34 1.23x10°13 0.78 0.67
M-18 A A A —451.48 1.45x10™ 0.75 0.64
M-19 A A A —421.99 9.21x1072 0.89 0.84
M-20 A A A —422.43 5.96x1072 0.89 0.84
M-21 A A A —-449.80 7.74x107 14 0.77 0.67
M-22 A A A —440.12 1.24x107° 0.80 0.79
M-23 A A A —-440.40 9.37x1071° 0.80 0.79
M-24 A A A —-473.20 5.32x107 0.53 0.49
M-25 A A A —447.12 1.13x10712 0.82 0.80
M-26 A A A A —423.83 1.47%1072 0.89 0.84
M-27 A A A A —424.15 1.06x1072 0.89 0.84
M-28 A A A A —451.70 1.16x10™ 0.77 0.67
M-29 A A A A —424.35 8.70x10°3 0.89 0.84
M-30 A A A A —442.47 1.17x1071° 0.80 0.79
M-31 A A A A A —-426.30 1.23x1073 0.89 0.84
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Fig. 2 Scatter plot between measured and predicted UCS and
uncertainty of UCS prediction by {B-GPR
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Table 3 Comparison of model selection results by different

methods
Ji Is/MPa  RL  v/m's') 7n/% Gs R
SCHR[11] A A 0.83
fB-GPR A A 0.89
BIC-GPR A A A 0.89
AIC-GPR A A A 0.89
AICc-GPR A A A 0.89
DIC-GPR A A A 0.89
KIC-GPR A A A 0.89
KICc-GPR A A A 0.89

SR, BEAERR R RN, R F T e
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— 3, Yo R R F 0.89. [FIRS, 3 B T SCHR[11]
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Table 4 Number of optimal models selected by each method and

number of times selected as the optimal model

w e S N BC D NC o
M-7 100 14 18 51 81 29 31
M-16 0 83 80 47 14 69 67
M-19 0 3 2 2 5 2 2
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