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LMI0 D>8.237977 4 SSR> 0.258 s BO>206 s SSR<= 0.441 4 SSR> 0.205 3 Y
LM9 D<=8.237977 s SSR>0.258 4 BO>206 5 SSR<= 0.441 5 SSR> 0.205 ;3! i
LMS SSR<=0.258 s BO>206 ; SSR<=0.441 4 SSR> 0.205 ;3! o
LMI BO<=110 4 SSR<=0.205 3 s
LM6 H>298.6 4 BO>110 4 SSR<=0.205 3 Y
LM2 K<=727.682956 s H<=298.6 4BQ>110 4SSR<=0.205 31 A
LM5 BO>179 s K>727.682956  H<=298.6 sBO>110 s SSR<=0.205 3| q
IM3 s BO<=179 4K>727.682956 s H<=298.6 BO>110 4 SSR<=0.205 3! .
K<=1370.125247
M4 s BO<=179 4K>727.682956 s H<=298.6 s BO>110 4SSR<=0.205 31 "
K>1370.125247
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(71.73438 x SSR) — (0.00293 x H) + (0.04061 x BQ) — (0.68109 x D) + (0.00175 x K) — 0
(31.56581)
(28.15436 x SSR) + (0.00133 x H) + (0.02486 x BQ) + (0.27636 x D) — (0.00164 x K) — 1
(15.87999)
(—1.44831 x SSR) + (0.00123 x H) — (0.0233 x BQ) + (0.06782 x D) — (0.00043 x K) + ) M1
(3.77532)
(—38.43426 x SSR) + (0.00099 x H) — (0.02196 x BQ) + (0.13955 x D) — (0.00072 x K) + 3
(8.99926)
(—22.85622 x SSR) — (0.0054 x H) — (0.11299 x BQ) + (0.23767 x D) + (0.00404 x K) + 4
(15.55724)
(71.73438 x SSR) — (0.00293 x H) + (0.04061 x BQ) — (0.68109 x D) + (0.00175 x K) — 0
(31.56581)
(28.15436 x SSR) + (0.00133 x H) + (0.02486 x BQ) + (0.27636 x D) — (0.00169 x K) — |
(15.87999)
(—1.44831 x SSR) + (0.00123 x H) — (0.0233 x BQ) + (0.06782 x D) — (0.00043 x K) +
(3.77532) 2 LMm2
(—38.43426 x SSR) + (0.00099 x H) — (0.02196 x BQ) + (0.13955 x D) — (0.00072 x K) + 3
(8.99926)
(—22.85622 x SSR) — (0.0054 x H) — (0.11299 x BQ) + (0.23767 x D) + (0.00404 x K) + 4
(15.55724)
(71.73438 x SSR) — (0.00293 x H) + (0.04061 x BQ) — (0.68109 x D) + (0.00175 x K) — 0
(37.16581)
(28.14433 x SSR) + (0.00133 x H) + (0.02486 x BQ) + (0.27635 x D) — (0.00169 x K) — |
(21.4789)
(—6.33086 x SSR) + (0.00123 x H) — (0.02336 x BQ) + (0.06782 x D) — (0.00043 x K) — 2 M3
(1.40301)
(153.00888 x SSR) + (0.00099 x H) — (0.02196 x BQ) — (0.21653 x D) + (0.0296 x K) — 3
(43.1249)
(—216.47037 x SSR) — (0.02995 x H) — (0.11299 x BQ) + (0.59894 x D) — (0.01647 x K) + 4
(60.45425)
(71.73429 x SSR) — (0.00293 x H) + (0.04061 x BQ) — (0.68109 x D) + (0.00175 x K) — 0
(32.3658)
(28.10726 x SSR) + (0.00133 x H) + (0.02486 x BQ) + (0.27636 x D) — (0.00169 x K) — |
(16.67243) LM4
(—1.44831 x SSR) — (0.03233 x H) — (0.0233 x BQ) + (0.06782 x D) — (0.00043 x K) + )

(10.95351)

AN
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(—35.90926 x SSR) + (0.00099 x H) — (0.02196 x BQ) + (0.13955 x D) — (0.00072
(7.58004)

(—22.85622 x SSR) + (0.01551 x H) — (0.11299 x BQ) + (0.23767 x D) + (0.00404
(12.00617)

(71.73438 x SSR) — (0.00293 x H) + (0.04061 x BQ) — (0.68109 x D) + (0.0017
(37.96564)

(28.12039 x SSR) + (0.00133 x H) + (0.02477 x BQ) + (0.27636 x D) — (0.00169
(22.26018)

(—1.44831 x SSR) + (0.00123 x H) — (0.0233 x BQ) — (6.81477 x D) — (0.00401
(52.05931)

(—38.43426 x SSR) + (0.00099 x H) — (0.02196 x BQ) + (7.00014 x D) + (0.00285
(38.87329)

(—22.85622 x SSR) — (0.00791 x H) — (0.11299 x BQ) + (0.23767 x D) + (0.00404
(9.66106)

(71.73438 x SSR) — (0.00293 x H) + (0.04061 x BQ) — (0.68109 x D) + (0.00175
(31.56581)

(28.15436 x SSR) + (0.00133 x H) + (0.02486 x BQ) + (0.27636 x D) — (0.00169
(15.87999)

(—1.44831 x SSR) + (0.00123 x H) — (0.0233 x BQ) + (0.06782 x D) — (0.00043
(3.77532)

(—38.43426 x SSR) + (0.00099 x H) — (0.02196 x BQ) + (0.13955 x D) — (0.00072
(8.99926)

(—22.85622 x SSR) — (0.0054 x H) — (0.11299 x BQ) + (0.23767 x D) + (0.00404
(15.55724)

(71.63119 x SSR) — (0.00293 x H) + (0.04061 x BQ) — (0.68109 x D) + (0.00175
(32.34132)

(28.15436 x SSR) + (0.00133 x H) — (0.02987 x BQ) + (0.27636 x D) — (0.00169
(6.20613)

(—1.44831 x SSR) + (0.00123 x H) + (0.0059 x BQ) + (0.06782 x D) — (0.00043
(0.77353)

(—38.43426 x SSR) + (0.00099 x H) — (0.02196 x BQ) + (0.13955 x D) — (0.00072
(7.771)

(—22.85622 % SSR) — (0.00237 x H) — (0.11299 x BQ) + (0.23767 x D) + (0.00404
(13.8786)

(71.73438 x SSR) — (0.00293 x H) + (0.04061 x BQ) — (0.68109 x D) + (0.00175
(31.56581)

(28.15436 x SSR) + (0.00133 x H) + (0.02486 x BQ) + (0.27636 x D) — (0.00169
(15.87999)

(—1.44831 x SSR) + (0.00123 x H) — (0.0233 x BQ) + (0.06782 x D) — (0.00043
(3.77532)

(—38.43426 x SSR) + (0.00099 x H) — (0.02196 x BQ) + (0.13955 x D) — (0.00072
(8.99926)

(71.73438 x SSR) — (0.00293 x H) + (0.04061 x BQ) — (0.68109 x D) + (0.00175
(31.56581)

(71.73438 x SSR) — (0.00293 x H) + (0.04061 x BQ) — (0.68109 x D) + (0.00175
(31.56581)

(28.14433 x SSR) + (0.00133 x H) + (0.02486 x BQ) + (0.27635 x D) — (0.00169
(15.87999)

(—1.44831 x SSR) + (0.00123 x H) — (0.02336 x BQ) + (0.06782 x D) — (0.00043
(3.77532)

(—38.43426 x SSR) + (0.00099 x H) — (0.02196 x BQ) + (0.13955 x D) — (0.00072
(8.99926)

(—22.85622 x SSR) — (0.0054 x H) — (0.11299 x BQ) + (0.23767 x D) + (0.00404
(15.55724)

(71.73429 x SSR) — (0.00293 x H) + (0.04061 x BQ) + (0.06982 x D) + (0.0097

(49.64023)
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(28.15436 x SSR) — (0.00343 x H) + (0.02486 x BQ) — (0.12013 x D) — (0.00169 x K) —

(8.95782)

(—1.44831 x SSR) + (0.01449 x H) — (0.0233 x BQ) + (0.06782 x D) — (0.00043 x K) —

(2.5164)

(—38.34113 x SSR) + (0.00099 x H) — (0.02196 x BQ) + (0.13955 x D) — (0.00072 x K) +

(7.36794)

(—22.85622 x SSR) — (0.0054 x H) — (0.11299 x BQ) + (0.23767 x D) + (0.00404 x K) +

(13.96168)

(71.73438 x SSR) — (0.00293 x H) + (0.04061 x BQ) — (0.68109 x D) + (0.00175 x K) —

(31.56581)

(28.12039 x SSR) + (0.00133 x H) + (0.02486 x BQ) + (0.27636 x D) — (0.00169 x K) —

(15.87999)

(—1.44831 x SSR) + (0.00123 x H) — (0.0233 x BQ) — (0.06782 x D) — (0.00043 x K) +

(3.77532)

(—38.43426 x SSR) + (0.00099 x H) — (0.02196 x BQ) + (0.13955 x D) — (0.00072 x K) +

(8.99926)

(—22.85622 x SSR) — (0.0054 x H) — (0.11299 x BQ) + (0.23767 x D) + (0.00404 x K) +

(15.55724)
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Abstract

Rock mass squeezing is one of the main challenges in tunnel excavation
through weak rock masses under high in-situ stress conditions, and it can cause
significant deformation, increased pressure on the support system, reduced
advance rate, and tunnel instability. In this study, two machine learning models,
namely a decision tree (J48) and a logistic model tree (LMT), were developed
to predict squeezing severity across five classes. The database consisted of 139
case histories collected from tunneling projects in China, Nepal, India, Austria,
Japan, and Turkey. Five parameters, namely overburden depth, tunnel

diameter, support system stiffness, stress-to-strength ratio, and rock mass basic quality index, were selected as input
variables. To address class imbalance, the SMOTE technique was applied, increasing the number of samples to 190, with
38 samples per class. Model performance was evaluated using 10-fold cross-validation and the metrics of accuracy,
sensitivity, precision, Matthews correlation coefficient, Kappa, and AUC. The results showed that the logistic model
tree, with an accuracy of 84.21% and an AUC of 0.96, outperformed the decision tree, which achieved an accuracy of
82.10% and an AUC of 0.94. Nevertheless, the simpler structure of the decision tree enhances its interpretability and
practical applicability. Both models demonstrated acceptable capability for multi-class prediction of squeezing severity
and may serve as a supplementary tool for preliminary assessment of squeezing risk.
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  P  ( k ) =     e x p (   L M  k  ( x ) )    ∑  i = 1  i = C  e x p (   L M  i  ( x ) )


    ∑   


  = (     ∑  i = 1 5  S E ) / 5


    ∑  i = 1 5  (   n  i i /   n  i + )


  = (     ∑  i = 1 5  P R ) / 5


    ∑  i = 1 5    ( n  i i /   n  + i


  M C C = (   n     ∑  i = 1 5    n  i i −     ∑  i = 1 5    ( n  i +   ×   n  + 1 )


   (     n 2 −   ∑  i = 1 5      n  i + 2 ) (   n 2 −     ∑  i = 1 5      n  + i 2 ) )


 


 


  M A E = (   ∑  i    ∑  j    n  i j ×  | i − j | ) / n


  Q W K = 1 −     ∑  i , j    W  i , j   Q  i , j    ∑  i , j    W  i , j   E  i , j

