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Prediction of the resilient modulus of subgrade clay and Bayesian
model class selection

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

Abstract: [Purposes] The paper aims to determine the optimal model for predicting the resilient
modulus of subgrade soil and predict the resilient modulus of subgrade soil accurately. [ Methods ]
The fully Bayesian Gaussian process regression (fB-GPR) approach is proposed in this study to
establish the relationship between the resilient modulus of subgrade soil (M) and the confining
pressure (o;) , deviator pressure (o), moisture content (w) , dry density (p,). The parameters of
the GPR model are estimated accurately and the optimal model for the prediction of the resilient
modulus of subgrade soil is determined objectively using the proposed approach in this study. The
optimal model reaches a balance between the complexity and fitting degree. [Findings] The
findings show that the resilient modulus of subgrade soil can be predicted accurately using the
proposed approach in this study. The coefficient of determination (R?) and the mean absolute
percentage error (Ry,,;) of the optimal GPR model reach 0.99 and 1.51%, respectively, which is

similar to the full model. In 100 experiments, the percentage of the optimal model being selected
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reaches 88%. [Conclusions] The proposed fB-GPR approach not only accurately predict the

resilient modulus using the easily available indices of subgrade soil but also effectively eliminate

the redundant input variables. The proposed approach reduces complexity without compromising

the fitting degree of the GPR model, holding significance for its application and promotion in the

future.
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Fig. 1 The histograms of the soil parameters and the correlations among them
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Table 2 The candidate GPR models for the prediction of the resilient modulus of subgrade soil, the prediction results and the

model selection results

. iy S A . .
BEAy InL n0O In[p(DIM) ] W% oy R Ry, oyl %
I3 | T4 | W | Py )

PIERES 0.28 29.92
M, A -272.13 -11.79 -283.92 1.60x10°¥ ——

4 0.04 32.21

e | 0.92 9.58
M, | A A -219.81 -17.50 -237.31 2.81x107"

4 0.96 5.48

Il 48 0.99 1.34
M, A | A| A -174.71 —24.51 -199.22 0.98 —

a4 0.99 1.51

PI[ERS 0.99 1.35
M, A | A | A | A| -17447 -28.64 -203.11 0.02 —

HREES 0.99 1.50
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Fig. 2 The prior and posterior probability density functions of GPR parameters
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Table 3 Model selection results with different prior probabilities
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Table 4 The R* for the prediction performance of the

resilient modulus of subgrade soil of different machine

learning methods
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Fig.7 The violin plot for 100 experiments corresponding to

different machine learning methods
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