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Abstract

As many tunnels generally have been constructed, various experiences and techniques
have been accumulated for tunnel design as well as tunnel construction. Hence, there
are not a few cases that, for some usual tunnel design works, it is sufficient to perform
the design by only modifying or supplementing previous similar design cases unless
a tunnel has a unique structure or in geological conditions. In particular, for a tunnel
blast design, it is reasonable to refer to previous similar design cases because the blast
design in the stage of design is a preliminary design, considering that it is general to
perform additional blast design through test blasts prior to the start of tunnel excavation.
Meanwhile, entering the industry 4.0 era, artificial intelligence (Al) of which avail-
ability is surging across whole industry sector is broadly utilized to tunnel and blasting.
For a drill and blast tunnel, Al is mainly applied for the estimation of blast vibration
and rock mass classification, etc. however, there are few cases where it is applied to
blast pattern design. Thus, this study attempts to automate tunnel blast design by means
of machine learning, a branch of artificial intelligence. For this, the data related to a blast
design was collected from 25 tunnel design reports for learning as well as 2 additional
reports for the test, and from which 4 design parameters, i.e., rock mass class, road type
and cross sectional area of upper section as well as bench section as input data as well
as16 design elements, i.e., blast cut type, specific charge, the number of drill holes, and
spacing and burden for each blast hole group, etc. as output. Based on this design data,
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three machine learning models, i.e., XGBoost, ANN, SVM, were tested and XGBoost was chosen as the best model
and the results show a generally similar trend to an actual design when assumed design parameters were input. It is not
enough yet to perform the whole blast design using the results from this study, however, it is planned that additional
studies will be carried out to make it possible to put it to practical use after collecting more sufficient blast design data
and supplementing detailed machine learning processes.

Keywords: Tunnel design, Tunnel blast, Blast design, Machine learning, NATM
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Fig. 1. Typical example of SVM (Lee et al., 2021)

2.3.2 ANN (Artificial Neural Network)

o o] A e g S B B o]y, QdeiEat 22 Aolo] to] 242
s, 247}e] 2u gl tpe] 1 E 2 HjxIste] AP HrkFig. 2). B 1%, 85
A sigste] 2ol st

Hidden Layers Output Layer

Fig. 2. Typical example of ANN (Lee et al., 2021)
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Fig. 3. Typical example of XGBoost (Lee et al., 2021)
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Table 1. Summary of the design projects to be analyzed for the study

No. Tunnel name Road type Tunn(erlnl)ength se;lilcr)]:eallr:;()(srzz) Bed rock Blast cut type

1 Maryongjae Local 1,300 82.205 Andesite Cylinder-cut/V-cut
2 Hoenamjae Local 1,710 79.088 Gneiss Cylinder-cut/V-cut
3 Kunnae Local 2,715 82.064 Gneiss Cylinder-cut/V-cut
4 Hanti National 470 67.963 Breccia Cylinder-cut/V-cut
5 Jukjang 1 National 762 87.379 Breccia Cylinder-cut/V-cut
6 Jukjang 2 National 974 87.919 Breccia Cylinder-cut/V-cut
7 Masa National 853 68.261 Shale Cylinder-cut/V-cut
8 Kigok National 571 89.653 Gneiss Cylinder-cut/V-cut
9 Sindo National 1,120 75.714 Andesite Cylinder-cut/V-cut
10 Samun Local 292 70.267 Limestone Cylinder-cut/V-cut
11 Yeoncho 1 Local 767 67.072 Andesite Cylinder-cut/V-cut
12 Yeoncho 2 Local 1,250 74.108 Andesite Cylinder-cut/V-cut
13 Daegokchi B Local 985 71.158 Diorite Cylinder-cut/V-cut
14 Hahul Local 540 76.541 Andesite Cylinder-cut/V-cut
15 Jangyeon National 325 76.683 Porphyry Cylinder-cut/V-cut
16 Whadong National 500 78.683 Granite Cylinder-cut/V-cut
17 Myeongjin Local 1,585 82.002 Andesite Cylinder-cut/V-cut
18 Unmun Local 1,870 76.032 Andesite Cylinder-cut/V-cut
19 Ungdong National 2,117 79.205 Andesite Supex cut

Journal of Korean Tunnelling and Underground Space Association 437



Yangkyun Kim - Je-Kyum Lee - Sean Seungwon Lee

Table 1. Summary of the design projects to be analyzed for the study (continued)

No. Tunnel name Road type Tunnz:rlnl)ength se;?gzzlrz;()(iz) Bed rock Blast cut type
20 Keumgok National 705 75.626 Andesite Supex cut

21  |Songkwangsa2| National 2,010 80.602 Gneiss Cylinder-cut/V-cut
22 Choenhosan National 1,250 69.938 Diorite Cylinder-cut/V-cut
23 Maan Highway 3,871 91.025 Gneiss Cylinder-cut/V-cut
24 Yangseo Highway 3,384 89.543 Gneiss Cylinder-cut/V-cut
25 Maebong Highway 383 83.463 Gneiss Cylinder-cut/V-cut
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Table 2. Details of output data
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Fig. 6. Number of charge holes per cross sectional area: (a) Type 1 and 2, (b) Type 3, (¢) Type 4, (d) Type 5, (e)
Average with tunnel support types
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Fig. 7. Specific charge: (a) Type 1, (b) Type 2, (c) Type 3, (d) Type 4, (e) Type 5, (f) Average with tunnel support types
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Fig. 9. Ranges of spacing and burden for stopping holes with tunnel support types
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oAl = ARSSELA} sk FalE|Eo] 2o dSd5S a0l ] SRt dEl= A
Ax]o] glojof shH o] IS Z o7l 27 (hyperparameter tunning)©]2tal 3t

2 Atollx= 2.3 llA 713t 3719 mAlEY YarelE Follkl 2] AnE kEshe Hds A5t
g5 E=t, o5 sl 5Lt Holefol tiste] 2 dare|Ee] 2mziHa 2742 HAAISHT

Table 3]l A% vl o], SVM O] 7= A/ = A 9 2H4(C) 2 ol F2-& $1t 7d
(kernel) 5019, ANN9] 7-2= 245-9] 7i4(layer number), ZF 295 =T 9] 745(node number) 2} -2
Tl oL 0 SEAJ 9= 0] - (activation function), £ 8=2] £F(loss function) 50|t} XGboosti= AF&6H=

L1dlo] 7i4x(n estimators), 7HE & S5 A] AFE5H= Hlo]E] 9] 4x(subsample) 50Tt

i
ol

o O_>|J.4

i

==

=

o

Table 3. Hyperparameters for each algorithm

Algorithm Hyperparameter Description Selected value
C Tolerance of data misclassification 10
SVM Gamma To determine the distance of the data sample to influence 0.01

To select a method of mapping data in an input space into a

Kernel . . . o . e
erme high-dimensional space which is capable of linear classification

Rbf
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Table 3. Hyperparameters for each algorithm (continued)

Algorithm Hyperparameter Description Selected value
Number of hidden layer | Number of layers placed between input layer and output layer 3
Number of node Number of nodes to place in the hidden layer 16, 32,32
Activation function | To select the way to activate nodes Relu
ANN Loss function zst ;eL:llte;t1 (tjh:czlz}l/ \t/c; liilculate the difference between model MSE
Optimizer To select the way to update the weight and bias Adam
Dropout rate To set the ratio of nodes to be dropped out 0.2
Learning rate To control the degree of learning 0.001
N estimators Number of DT model to create 250
Max depth Maximum number of branching for each DT model 1
XGBoost
Subsample Ratio of data to use for training each model 0.2
Learning rate To control the degree of learning 0.1

g =
3.1783 o] 29 tlo]eli= Gare]E2] e5(train) 2 A3 (validation)= $1ofl ¥ Hl-&=E F& o=t
Jolel o] Hetuizol B7Faake] Al=pdo] Alshd 4= Qlet. ol2ieh thde Hetst

Z10] k-fold 2} 5 cross validation)©|H 2 Aol A= A Hlo|E & 3712] A Hlo|gAle =2
=6k, Z}7F0] A Hlo|EAlES XA §F HA Zol FA] #5(validation) H|o|E| = AMESHES SIGITE. ©|F
Al 728 2 AAA a2 ZF 2 EANE)E R0 52, M HlolEQl AdE o] e
S (accuracy) =, HHZ| 5=2Hd dloe]Q] Hataljel o] 9= ATl -8 2 X(mean absolute percentage
error, MAPE)Z UERHTH Table 4).

i)

Table 4. Accuracy or mean absolute percentage error for validation data

. XGBoost ANN SVM Type of performance
Algorithm
gort (%) (%) (%) measure
Blast cut type 87.8 78 87.8 Accuracy
Round length (m) 44 2.9 5 MAPE
Full No. of charge holes per area (h/m?) 52 5.1 6.3 MAPE
section Specific charge (kg/m®) 6.5 5.2 6.9 MAPE
or
Spacing (mm 4 4.5 53 MAPE
Upper Stopping hole pacing (mm)
section Burden (mm) 6.7 6.3 6.5 MAPE
Spacing (mm) 23 2.5 23 MAPE
Contour hole
Burden (mm) 4.5 34 3.1 MAPE
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Table 4. Accuracy or mean absolute percentage error for validation data (continued)

. XGBoost ANN SVM Type of performance
Algorithm
gorit (%) %) %) measure
Bench height (m) 12.8 5.7 11.4 MAPE
Round length (m) 0.1 2.3 7 MAPE
No. of charge holes per area (h/m?) 154 13.8 12.8 MAPE
Bench Specific charge (kg/m?) 134 13.2 9.7 MAPE
section , Spacing (mm) 8.9 10 9.4 MAPE
Stopping hole
Burden (mm) 18.5 15.9 10.3 MAPE
Spacing (mm) 8.4 6.8 9.7 MAPE
Bottom hole
Burden (mm) 11.8 11.6 8.2 MAPE
Average MAPE (except blast cut type) 8.2 7.3 7.6 MAPE

]

Az AT, AT 55017

AL, W] 1570 A= 73

O

e 92 UERH XGBoostT SVMEE 0] 87.8%, ANNO] 78%2 LFERG
37HA] Relof| A thA| 2 o gt 591 7.3%-8.2%A0] 2 1 2ol 7} 4] 9ik

i

(¢

[e)
+
o
+

4. 7% 2Y

4.1 A[HC|o|e{E 0|85t =Y 2ats HIt

3.3l ek o] ek 371A] o] sl AREE] 2] g2 A= Bl gl uAdA| Hlo|Bl & Y Esto] Bdof
A Al st A A A A1 sl Tte] @2 HE Hlwstoiet. o =i tlole ==t 270 40] Bd A Ao
A 3 I ohofRt A 24x(Table 5)°1H, H'E A= tiHEE, B= HAHEo|H:

e el Bld A0 Bld B2 AckHel 49102 m?, Bl'E B 82.9 m*o]w, AAIZ AL BE A= X]
K" Type 191 4% 3.5 m, El'd B=4.0 m= AA =] Qlck

Table 5. Details of two tunnels used for test data

Name A B
Tunnel | Length (m) 364 2,730
Location Jeollanamdo, Yeosu Jeollanamdo, Haenam
Road type National road National road
Rock support type Type 1| Type 2| Type 3| Type 4 | Type 5|Type 1 | Type 2| Type 3| Type 4| Type 5

Cross Full section/Upper section | 102.3 | 102.3 | 103.1 | 69.6 | 70.5 | 82.9 | 829 | 83.8 | 64.9 | 65.7
sectional
area (m”) | Bench section - - - 346 | 34.8 - - - 19.6 | 19.7
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Table 5. Details of two tunnels used for test data (continued)

Blast cut type Cylinder-cut V-cut Cylinder-cut V-cut
Round length (m) 35 [ 35 | 20 | 15 | 12 | 40 | 35 | 25 | 15 | 12
Full No. of charge holes per |y 30|y 56| 1 55 | 184 | 196 | 130 | 122 | 150 | 1.7 | 1.96
section | &¢d (vm’)
or Specific charge (kg/m’) 1.04 | 1.02 | 092 | 095 | 0.87 | 1.16 | 1.06 | 0.96 | 0.92 | 0.88
Upper | Stopping | Spacing (mm) | 1,050 | 1,050 | 1,000 | 900 | 900 | 1,100 | 1,100 | 950 | 850 | 800
section | pole Burden (mm) | 975 | 975 | 900 | 875 | 800 | 1,050 | 950 | 950 | 850 | 775
Contour | Spacing (mm) | 700 | 700 | 650 | 600 | 600 | 650 | 650 | 600 | 600 | 550
hole Burden (mm) | 875 | 875 | 800 | 750 | 750 | 800 | 800 | 750 | 750 | 700
Bench height (m) - - - | 221|221 - - - 138 | 1.38
Round length (m) - - - 3.0 | 12 - - - 3.0 | 24
zz;z}f]/clzi‘;ge holes per - - - 142 |18 | - - - 158 | 1.83
Bench g cific charge (ke/m’) - - - o072 07| - - - 1096 | 0.84
section -
Stopping | Spacing (mm) - - - 1,200 | 950 - - - 1,314 | 992
hole Burden (mm) - - - 850 | 800 - - - 640 | 640
Bottom | Spacing (mm) - - - 900 800 - - - 900 800
hole Burden (mm) - - - 550 | 550 - - - 650 | 640

Table 5°f Wb =29 ]EﬁHEd ZFHneh) 9l sk TR A 5 471 AR ol skl
78F, verd dulalj e AR5 oS @ 2ka2 Table 60| HERH T 4] 16712 AAIRYNS 5, 53 Hlol
5 UrEM—t— IS SFE AR LA 15712] =0l tigh 2F e 2ka-& Hatet 24,

XGBoost, ANN, SVM 22 ZF7} 10.8%, 11.2%, 13.9%= LFEH} XGBoost @] 35 9 ASH|o[E|7F AFS-
E]2] o2 A ARl A2 dlofel7t A=A @2 7P e Aoz waE it B3 MAPEZF10.8%

i

Table 6. Accuracy or MAPE for test data

Aleorithm XGBoost ANN SVM Type of performance
g (%) (%) (%) measure
Blast cut type 60 50 60 Accuracy
Round length (m) 5.9 5.9 7.0 MAPE
Full No. of charge holes per area (h/m?) 7.4 10.7 8.5 MAPE
section | gpecific charge (kg/m®) 5.2 6.7 4.6 MAPE
or
Spacing (mm 6.1 6.3 5.4 MAPE
Upper Stopping hole pacing (mm)
Section Burden (Inm) 43 3.2 43 MAPE
Spacing (mm) 6.8 5.5 6.0 MAPE
Contour hole
Burden (mm) 32 2.8 3.0 MAPE
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Table 6. Accuracy or MAPE for test data (continued)

. XGBoost ANN SVM Type of performance
Algorithm
gorit (%) %) %) measure
Bench height (m) 24.6 24.9 21.3 MAPE
Round length (m) 0.1 2.7 6.9 MAPE
No. of charge holes per area (h/m?) 8.1 13.0 18.3 MAPE
Bench Specific charge (kg/m?) 114 114 11.3 MAPE
section ) Spacing (mm) 8.1 12.1 9.8 MAPE
Stopping hole
Burden (mm) 36.0 29.3 54.3 MAPE
Spacing (mm) 7.3 8.6 11.4 MAPE
Bottom hole
Burden (mm) 27.6 24.4 36.8 MAPE
Average MAPE (except blast cut type) 10.8 11.2 13.9 MAPE

ah 712, 62 S0 A7) 271201 1,000 mm v E-430] ofa) AleE E7420] ¢F900-1,100 mmake Slujo]
B2 AA] AN S8 de Szolekn BrtEe 9 sistlole] 471 S71et 145w aAd Ao

ZALEELE Jeu AR 55 XGBoost2F SVMO] 60%, ANN©] 50% 2 LFER=1]| o] A& 07H94 FlmiES]

Al Foll 5~67H7F A2} -5 D51 AISUTh= 2n|7t = B2 op2] Zldsof 2 Alte] g o2 mrhE| i,
B 0 7 5ol A S & 7 F& XGBoost L H-S 2 Aol A ARg e 2F e Al }%iﬁ’r
4.2 2| &S 7FgsH Yot 4|
2EA 02 I E XGBoost ™ Eof| o5 B Al H[o[Eof|A] ARER HlolE|7} obd HubdA| %S 71FgRt
M=z-2 HlolBE d=lstala o, Aljte= Tt d A els ZA4skt). A 2id|ol8 W-8-2 Table 7] Wb B}
o gol, E2RY2 Tk, AHEI2 Type 1~571], S22 200 Type 191 78 82.9 m*®]ct.
Table 7. Input data assuming actual blast design
Road type National road
Rock support type Type 1 Type 2 Type 3 Type 4 Type 5
Cross Full section/Upper section 82.9 82.9 83.8 64.9 65.7
sectional
area (m”) | Bench section - - - 19.6 19.7
Table 8- XGBoost @ Hlo 4 Aok} = Wikl 2t g}mof cfgh 4412 Tr2 Lhehdl molet, A1) 4
Type 314 V-cutZ AII5HL =d, Type 1~3714] 2] HAhHo A= AW © 2 Cylinder-cute ARE- 61‘}11}%:—

& Aot 7] A dlole olx] el ¢S 8k 60%7F L= whg =1 okl & = Qlet. 2%1%9]
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A< Type 1~57k4] 242 3.6 m, 3.3 m, 2.1 m, 1.4 m, 1.2 m& Ve §lojA] Quka ol Aol A2} GALSH|
HERF QIAIRE Type 20014 2] 23170] Type 1E T} 2 F2HA] AIRFE] 1 QlojAl, F71A] Typeoll A &4t 271
o] A-gx= duba] AAlol= Ateo|7} QIS TS A= A H(E= AHh 9] 9% Type 194]
1.33-5/m’°]1! Type 5= 245 4 S7 okl Qlo] A AALE GARE 3RS YAl glo, o] & AthH
(T A 1upe) AR A3z ARFSHH, ZF Type 2 1103(=1.333/m’ x 82.9 m%), 109, 119, 97,
108-5°] Hct. Egh vk Type 19141 1.07, Type 5141 0.90-2 Uepl™ AA| AAof| A<t FAlsHA 22k
BAastal Qlek. o5 A 1l Ffekko 2 $IsHH Type 191414319 kg (=1.07 kg/m® x 82.9 m* x 3.6 m),

e,
Hir

ks
R

ol7} 2

b

S Yo Z 8= 2to] o] Fol 2= Type 42k 5914 Ml %] 2] fzol= LRPA QI Al = &
=] 2]5E AP Higoll =2t 1.9 m H 1.8 mE o] @27} yehdar ik

Hapgol| tiet S04 Aol | mmE9l= Hep | =1 Ql=d], AA| Eupufjeor s dibz oz 5
mmTH 2 HSRRItE e 11 u, % Aol Hetsior 2 Aoz Almd.

F

ot
%
S

Table 8. Blast pattern proposed from the actual blast input data

Rock mass class 1 ‘ 2 3 ‘ 4 5
Blast cut type Cylinder-cut V-cut
Round length (m) 3.6 33 2.1 1.4 1.2
Full No. of charge holes per 133 131 1.43 1.50 1.64
section | ¢4 (W)
or Specific charge (kg/m’) 1.07 1.06 0.98 0.96 0.90
Upper Stopping | Spacing (mm) 1,115 1,112 1,000 1,011 971
section | hole Burden (mm) 988 988 891 819 851
Contour | Spacing (mm) 620 622 609 615 590
hole Burden (mm) 790 787 768 776 731
Bench height (m) - - - 1.9 1.8
Round length (m) - - - 3.0 1.2
No. of charge holes per
area (h/in?) - - - 1.41 1.51
Ben?h Specific charge (kg/m?) - - - 0.81 0.75
section -
Stopping | Spacing (mm) - - - 1,083 976
hole Burden (mm) - - - 998 976
Bottom | Spacing (mm) - - - 943 879
hole Burden (mm) - - - 770 749
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2 Aol B EAA 1 TRt A 5 T Db dAIE AEelsl] Sl wAleY B 27 1uds A
SIAH. ol fIste] 2571 B4 AbmelM 2 Eub@AdE HlolHE 7I9Ee2 XGBoost, ANN, SVM
5 37 Al RS Al & 2 RS At oS Fol A RE, Eef, A B sh Thi
Zo] FolFle W AEE F, v, Moo, 24 duky 258 304 A 5] Euhuliele AlQtsie
S opolth 2 Aol TEH T8 AR thaat go] ot 4 ik

|

I

il

[u—

- AEWET ALCALSA 2 BAAN T2 &5l =il = HE 257040 thet B @ @At =S 535k
o A A HEAARNA, ARKER)ZAE A, B EAA =, 1311 TEEA 4570IH, ©]
Aol AL, BT, E2q9, A2, HEdE, 4F, A1 EA= 3 hE 5 5 3971

A A=l Hit ElolEE EASIAAL o] F 20714 9] A= 21 B E=olH = A3t

2. 771 Hlofe| = ks EEe] A5A, AEE T2 747 42 T2 LERH XGBoost Y SVMEEO]
87.8%, ANN©| 78% = LRt WA 157 AAI=2] 7% AA] AR e =ellof| A Aot 2t
el Bl Z-& 0247 371A] Redlofl A thal| 2 f et 91 7.3%-8.2%A 0] 2 JL o] 7F AA] 23kt

3. shgol ehmd 37 mAlEd Rl sat AFolM ARSEA] eh2 A= 271 B @Al =4 Tlo]

EIE Eiste] Aloke dubelat AA| AAsE ] exfag vl 29, HEE SF= XGBoostet
SVM©] 60%, ANN®]| 50%= WEFAT, L] 15712] A A= thet @ 2R&0], XGBoost, ANN, SVM &
9l Z}7}0] 10.8%, 11.2%, 13.9%= YERL XGBosst i 2o] AA| A&ollA] @7t 71 28 A o2 HA 5o
#E Ed= AdE o 5471 37 B elo] B F2 A2 Hehle Rdsl diet F714 {1 =7t
Z gsitt.
4. A AAVERS 715t 4471 47121 o] b aALS 917 HIo]E1E XGBosst i d o]l =it A, thA= 4
B yelol w2 ANFA Q) b A o] gt A Al vl glo, g Rol i @4 TypeollA
] @7, 71231 A9HHRI Ao A FLsIA AAI== Type 17} Type 22] 2717g0] o] @445 Tl A=
E’rE AN A=A Qo1 - Aol Heto] Hasitt
A7} 71237 /g A 0loiA WA b aAIE ehsIal AR s 1= oF4] FESIAIRE, %%
S A H S Shstal ARl A2 igs Hetste] A-84Q1 8ol 7Fsoles 57T A5
AL Aot

e
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hu|
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B AT FEWT Y/ AE SIS |ES Yo x|doe s AEUCHIFAHAS: RS-2021-KA 163775,
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