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Abstract

A ground support pattern should be designed by properly integrating various support
materials in accordance with the rock mass grade when constructing a tunnel, and a
technical decision must be made in this process by professionals with vast construction
experiences. However, designing supports at the early stage of tunnel design, such as
feasibility study or basic design, may be very challenging due to the short timeline,
insufficient budget, and deficiency of field data. Meanwhile, the design of the support
pattern can be performed more quickly and reliably by utilizing the machine learning
technique and the accumulated design data with the rapid increase in tunnel const-
ruction in South Korea. Therefore, in this study, the design data and ground explo-
ration data of 48 road tunnels in South Korea were inspected, and data about 19 items,
including eight input items (rock type, resistivity, depth, tunnel length, safety index by
tunnel length, safety index by rick index, tunnel type, tunnel area) and 11 output items
(rock mass grade, two items for shotcrete, three items for rock bolt, three items for steel
support, two items for concrete lining), were collected to automatically determine the
rock mass class and the support pattern. Three machine learning models (S1, A1, A2)
were developed using two machine learning algorithms (SVR, ANN) and organized
data. As aresult, the A2 model, which applied different loss functions according to the
output data format, showed the best performance. This study confirms the potential of
support pattern design using machine learning, and it is expected that it will be able to
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improve the design model by continuously using the model in the actual design, compensating for its shortcomings,
and improving its usability.

Keywords: Rock mass class, Tunnel support, Machine learning, SVR, ANN
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(a) Typical example of SVR (b) Typical example of ANN

Fig. 1. Typical example of machine learning algorithm (modified from Lee et al., 2021)
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Table 1. Descriptions of data

Category Type of data Remarks Variable type Purpose
Rock type Gneiss, Granite, Andesite, Shale, Categorical i
Sandstone, Extra-type
Resistivity Q Numerical -
Depth m Numerical -
Input data | Tunnel length m Numerical -
Safety index by tunnel length 1,2,3,4 Numerical -
Safety index by risk index 1,2,3,4 Numerical -
Tunnel type National/Highway Categorical -
Tunnel area m’ Numerical -
Rock mass grade by RMR 1,2,3,4,5 Numerical Regression
Shoteree Thickness mm Numerical Regression
Steefiber Used/Not used Categorical | Classification
Length m Numerical Regression
Rockbolt Longitudinal spacing m Numerical Regression
Output data Lateral spacing m Numerical Regression
Type H girder (HG)/Lattice girder (LG) | Categorical | Classification
Steel support | Specific size LT1/LT2/LT3/HT1/HT2 Categorical | Classification
Spacing m Numerical Regression
Concrete Thickness mm Numerical Regression
lining Steel reinforcement Used/Not used Categorical | Classification

a) LT: Size type of lattice girder, HT: Size type of H girder
b) LT1: (if necessary) 50x20%30, LT2: 50x20x30, LT3: 70x20x30, HT1: 100x100x6x8, HT2: 150x150x7%10

Table 2. Representative values of input data

Category Type of data Mean Standard deviation Min value Max value
Resistivity (£2) 2,512.3 2,665.2 45 19,140
Depth (m) 143.6 110.2 0 743
Input data
Tunnel length (m) 1,874.2 1,642.2 115 7,081
Tunnel area (m?) 94.8 16.7 67.1 138.0
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Table 3. Geological and locational information of the collected data

Province Number of data Rock type Number of data
Gyeongsangnam-do 660 (57%) Gneiss 403 (32%)
Gyeongsangbuk-do 141 (12%) Granite 281 (22%)

Chungcheongnam-do 121 (10%) Andesite 218 (17%)
Gyeonggi-do 105 (9%) Sandstone 130 (10%)
Chungcheongbuk-do 91 (8%) Shale 96 (7%)
Gangwon-do 35 (3%) Other rock types 151 (12%)
Jeollabuk-do 9 (1%) Total 1,279
Total 1,162 - -
Grade 5 Grade 1

105)

Grade 2
(368)

Grade
(379)

Fig. 2. Data ratio by rock grades
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Fig. 3. Design history of the tunnel support according to the rock grade
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Table 4. Hyper-parameter for the training with SVR algorithm

Model | Hyper- . . Optimal

ode yper Description Candidates plma
name | parameter values

C Tolerance of data misclassification 0.1, 1, 10, 100 10
. . . .0001, 0.001, 0.01
S1 Gamma | Determine the distance of the data sample to influence 0.0001, 0.001, 0.01, 10
0.1, 1, 10, 100
(SVR) X ; . .
Kernel S'elect 'a met}}od of mapplng daFa in an input §pace into ?1 ‘ RBE, Linear RBE
high-dimensional space which is capable of linear classification
ANN Model 1: Al ANN Model 2: A2

FCL FCL
(64, ReLu)

(64, ReLu)
Dropout (0.1) — 4—— Dropout (0.1)

(64, Relw) (64, ReLu)
D t(0.1)
Dropout (0.1) =——> 4— Dropou

Input layer

ECL A 4 A 4 A 4 A 4
(64, ReLu) FCL FCL FCL ~FCL FCL
(64, ReLu) (64, ReLu) (64, ReLu) (64, ReLu) (64, ReLu)
Output v v ; v . v -
(Linear) Output 1 Output 2 Output 3 Output 4 FCL
(Softmax) (Softmax) (Softmax) (Softmax) (32, ReLu)
Output 5
(Linear)
Purpose Regression Classification Regression
e Rock Mass Shotcrete Steel support Steel Support
Output Descriptions  All the Output Grade (used/not used) (HG/LG) resittie o) Rest of Output
Loss Function MAE Categorical crossentropy MAE

Fig. 4. Hyper-parameter of ANN models
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S zeigre] ol dejol uet A et A4 BT E E 8ok o] Bllo] 2452 gAY
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Table 5. Performance of each machine learning models

Training error Testing error )
Type of data Remark Units
S1 Al A2 S1 Al A2
Rock grade by RMR 0.108 | 0.086 | 0.055 | 0.181 | 0.153 | 0.097 MAE Grade (1~5)
Thickness 3.689 | 2975 | 1.685 | 6.443 | 4.946 | 3.059 MAE mm
Shotcrete
Steel fiber 99.5 97.6 99.2 99.4 95.3 98.8 | ACC (%) | Used/Not used
Length 0.048 | 0.012 | 0.017 | 0.072 | 0.009 | 0.024 MAE M
Rockbolt | “On€tudinal 1o 1551 0,149 | 0073 | 0177 | 0263 | 0.128 | MAE M
spacing
Lateral spacing | 0.064 | 0.074 | 0.031 | 0.083 | 0.127 | 0.063 MAE M
Type 99.3 95.8 98.9 97.1 97.7 99.4 | ACC (%) | H/Lattice girder
Steel . 0 LT1/LT2/LT3/
support Specific size 98.9 91.3 98.6 94.2 88.4 97.1 | ACC (%) HT2/HT3
Spacing 0.104 | 0.055 | 0.040 | 0.132 | 0.068 | 0.074 MAE m
Thickness 2.037 | 0.221 | 0.031 | 2.293 | 0.193 | 0.051 MAE mm
Concrete Steel
lining o 992 | 983 | 983 | 97.1 | 942 | 97.1 | ACC (%) | Used/Not used
reinforcement
Average MAE 0.883 | 0.510 | 0.276 | 1.340 | 0.823 | 0.499 MAE -
Average accuracy 99.2 95.8 98.8 97.0 94.0 98.1 ACC (%) -
A HIE Ao it SR 0 A5 Bt 2 o 2 H| st | flsf Al Tofefoll M RFSEEE Ho]

oo= = Rl
Bl g WA A7dsto] AAlghat oAlSgts Blarskl o, Al 7H] %}_’E]%% gt Adse ol A2 )
S AFESISITE Table 62 S5 = Eeo] =gt d=dgko]™, Table 7> Y=gtoll EHQ%E—%T% “gefgt Zot.
s Eol STl wet T2 E, SEE, glold 5 A Higo] HAF ST o= A e HolH, 32 E £
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Hido], 25 ElE 7/ﬂ°ﬂ et ]"i‘%/\%% swol5d f41 *‘Zﬂ7 thH] 2F20 mm &= 27| Oﬂ]—f— ii—t—tﬂ, ole
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o s 6—.‘%01 A=) 2 A o= ek

Table 72 54t LS 2RIsH| sl 23 A Z2 A Hd=ol w24 4 A7 o

Ehfietl, @8l ol weldE aresto] 2 L%ﬂ% Z7J5ke FA2 IS FRICH LAPt B g4s

41
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=
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Table 6. Input values chosen from test data to validate the A2 model

Input Rock Resistivity Depth Tunnel Safety index - Tunnel Tunnel
number type (%)) (m) length By tunnel By risk type areza
(m) length index (m°)

1 Gneiss 3,570 161.12 2,563 2 1 Highway 110.58

2 Gneiss 9,590 159.15 2,714 2 1 Highway 111.23

3 Gneiss 2,840 502.40 1,710 2 2 National 79.09

4 Gneiss 1,501 123.58 861 3 2 Highway 110.58

5 Andesite 228 60.70 1,120 2 2 National 75.71

Table 7. Prediction results of A2 model

Type of data Actual value Predicted value MAE (accuracy)
Input number 1123145 1 2 3 4 5 -
Rock grade by RMR 1|23 |4 ] 5 |101|200]3.04 | 394|460 (00l 0 [0.04/0.06] 0.4
Shotcrete Thickness 50 | 60 |120|120|160| 50.2 | 60.2 |121.1 |118.2|139.2/0.2 (0.2 | 1.1 |1.820.8
Steel fiber NU|U|U|U|U|NU| U] U] U]l U OOIOIOIO
Length 313144 |4 |300]|300]| 400|400 |40 (0| 0]0]07]O0
Rockbolt SL:ancgi:;dmal 0 35| 2 |1.5/12]003| 35 | 212 | 153 | 1.24 [0.03| 0 |0.12]0.03(0.04
Lateral spacing | 0 | 2 |1.5|1.5]|1.5] 0.00 | 200 | 1.50 | 1.50 | 1.50 | O | O | O | O | O
Type NU|NU|NU|LG|LG| NU | NU | NU | LG | LG |()| (M| O @)
S&;ep)lon Specific size  |NU|NU|NU [LT2|LT3| NU | NU | NU | LT2 | LT3 [ (D) | ()| (D) | (D) | (D)
Spacing 00| 0 (1512]0.01 |0.00]|0.02]| 15 | 126 [0.01| 0 [0.02]0.06{0.06
Concrete zﬁclkness 300 (300|300 |300|300|300.0 | 300.0 | 300.0 | 300.0 {3000 O | O | O | O] O
I ee
lining reinforcement NU\NUINU| U U NU NU - NU Y U O oo

a) Not used: NU, Used: U, LG: Lattice Girder, LT2: Size type of lattice girder-50x20x30, LT3: Size type of lattice girder-
70x20%30
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