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SYNOPSIS : This study investigated the applicability of the Artificial Neural Network
(ANN) technique for prediction of tunnel behavior. For training data collection, a series
of finite element analyses were conducted for actual tunnel project site. Using the data,
optimimzed ANNs were developed through a sensitivity study on internal parameters.
The developed ANNs can make tunneling related predictions such as tunnel crown
settlement, shotcrete lining stress, ground surface settlement, and groundwater inflow
rate. The results indicated that the developed ANNs can be used as an effective and
efficient tool for tunnelling related prediction in practical tunneling situations.
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Large-diameter pipe Roofing (D=114mm, L=12m)
Longitudinal C.T.C 5.6m (every 7 drift)
Transverse C.T.C 0.5m
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gqusg | BAFF | ma o | FEAF
- (KN/m’)- | ~(kPa) =+ (q s I o % e (em/sec)
I 26 1000 45 12,000,000 0.20 1.9% 10°®
i 25 500 40 8,000,000 0.22 6.7x 107°
i 24 200 35 4,000,000 0.25 1.8x 10°®
I\ 23 150 33 2,500,000 0.27 50x 107°
% 22 50 30 100,000 0.29 1.0x 10™

V-1(EAD 19 20 28 20,000 0.35 1.0x 107

E 2 HE ARdHd

Rock Quality Shotcreié " Rock bolt. Excavatmn f

Support 3 P
uppo a b T}nckness Length Spacmg »«Adv Remarks
pattern RMR Q ) TYpe
V (mm) Sm) . (m) T rate (m) A
PD-1 81~100 >40 50 40 random T/B* 15 Blastmg
PD-2 61~800 10~40 80 40 15/20° T/B* 15 Blasting
PD-3 41~60 1~10 120 40 12/20° T/B* 12 Blasting
F 11i
PD-4 21~40 01~1 160 40 1015 T/B* 10 orepoting
drilling

A-type pi fing®
PD-5 <2 001~01 200 40 0812 T/B* 08 ybe PIpe rooling
Drilling

A-type pi fing®
PDS-5 <20 001~01 200 40 08/12° R/CC 08 ybe pipe rooling
Drilling

B-t i fing"
PES1 <0 001~01 200 40 0812 R/C 08 ype PIpe rooling
Drilling
. ¢ B-type pipe roofing”
PDS-6 <20 001~01 200 40 08/12° MD' 08

Drilling

Note: RMR=Rock mass rateing; "Q=Q-system; “Adv.=advance; °L/T=longitudinal/transverse; T/B=top heading
and bench excavation; “R/C=ring cut excavation; MD=multiple drift; *A-type pipe roofing=500 mm steel pipes;
and hB—type pipe roofing=100 mm diameter grouted steel pipes
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¥ 3. ANN 59 Input Parameter

Mode? input Destn'ption :
variagble : : «
Hy H (m) Cover Depth
-~ # — —¥= — H, (m) |Distance from groundwater table to tunnel to crown
1 H, SP Support pattemn
CT 1 GTosp Ground Type at 0.5D upper part from crown
! Q _ GT¢ Ground Type at tunnel face
GT, GTi Ground Type at tunnel invert
Hu (m) Layer 1 thickness of fill
Hiz (m) Layer 2 thickness of alluvium

1Y 69 FAHFo2 FEM ZAHAE ngoz =5 DBE gHEdMo d93gs =
809 4HWSE vigo g3ty HAY - HYH FXI} vl&$ Training set, Testing set,
Validation sete.2 #F3t4tt. dHolHE g F 4 dug 2oz & o, WA 23
o EAL dEse FEHFEQ 80%2 Training set? 20%2] Validation sete2 ¥ &3}
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o BF Al FRAHYZ dlojlHE EFE 2% ANN Edo] 85 dlo|He| A (overfitting)
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Momentum term (Ground settlement-Max)
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No. hidden nodes (Ground settlement-Max)

a) no. of hidden nodes b) Momentum term
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Learning rate (Ground settlement-Max) No. hidden layers (Ground settlement-Max)

¢) Learning rate d) no. of hidden layers
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| (2) Crown settlement (b) Convergence (c) Shot'c compr.stress
L]
8ol ° ANN e ANN * ANN R
T 0 E 20| £ 201
E o0 E 3
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*
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Computed by FEM (mm) Computed by FEM (mm) Computed by FEM (MPa)
a) crown settlement b) convergence c) shot'c compr.stress
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50 5 407
| (a) max. surface settlement | (b) water inflow rate | (<) max. drawdown
40 * ANN A — 4 ° ANN ¢ ANN
E 1 o 30
£ 2 a ¢
530- .E 3"' .~§
g B = T B 20~
) 2 2f 2
& | g | &
10 & s [} 10
! Testing & Validation| . |Testing & Validation]| [Testing & Validation]
0 | BT | 2 I X i N 0 1 P | A ] 1 N 0 L N L 1 R
¢ 10 20 30 40 50 ) 1 2 3 4 5 0 10 20 30 40
Computed by FEM (mm) Computed by FEM (I/min/100m) Computed by FEM (m)
a) max. surface settlement b) water inflow rate ¢) maximum drawdown
a9 9. AWAS 2 Asts F¥H7t A3 4D
£ 4 ANN 29 o9& 2 2% 23
Shot' , ‘ ;
Catego Crown Convergence corZ : Max. surface | Water inflow Max.
gory settlement & pr- settlement 4 rate drawdown
: stress. o e .
Training 0.99 0.99 0.99 0.99 0.99 0.99
R? Testing 0.99 0.97 0.96 0.96 0.90 0.87
Validation 0.99 0.99 0.96 0.98 0.95 0.93
Training | 0.68(mm)| 0.21(mm) { 0.21(MPa) 0.15(mm)  {0.04(¢/min/100m)| 0.28(m)
RMSE |Testing 2.54(mm) { 0.84(mm) | 1.23(MPa) 1.94(mm) |0.38¢/min/100m)| 2.06(m)
Validation | 3.45(mm) | 0.94(mm) | 1.45(MPa) 2.06(mm) |046(¢/min/100m)| 3.27(m)
Training | 0.58(mm)! 0.31(mm) | 0.37(MPa) 0.33(mm) |0.130/min/100m| 0.31(m)
MAE |Testing 1.15(mm) | 0.75(mm) | 0.93(MPa) 0.99(mm) |0.52(¢/mn/100m)| 1.54(m)
Validation | 1.47(mm) | 0.76(mm) | 0.99(MPa) 1.13(mm) |0.51(¢/min/100m)| 1.38(m)
£ 5. %7t dolg H8w4
Data o Crown Cénvérgé hcé Shot'c compr. |Max. surfak:e Wateij‘mﬂow : Max
: settlement , stress . | settlement | . rate © |drawdown
. 4.92
Maximum [115.52(mm)| 29.11(mm) | 27.37(MPa) | 45.1(mm) ] 36.59(m)
- (¢/min/100m)
. 0.28
Minimum | 1.06(mm) | 0.13(mm) | 0.86(MPa) | 0.27(mm) _ 4.73(m)
(®/min/100m)
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dussl FANSNY 45 A4 AFAE o18H PP o G5 H8€ gyl
Hel 4ud F24¢ B9se Ao ANN A4& TESH7] A5 F2A% s 4
W59tk #7h GWeE ANN A4 A3 H8d BE 3 AASs ¥e vUL 33
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7 2e dzaRe Noise 482 WA Aol E 6 2 FAYEd Be 43
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B ‘ Relanve Importanc forlnﬁu :

b ,'«%,,;'f ‘;) I_I~ W;’ :\”flﬁﬁwmr‘ s ’~SP, ; ’, GTM;D ; ¥ ‘; g ; h ? }Hi;lwA,,w,u N(v : /;

Scr 13.97 - 15.43 19.60 18.96 11.56 7.25 13.23

Sco 12.30 - 13.60 18.93 20.29 10.83 8.29 15.76

Omax & Omin| 17.14 - 10.36 19.05 24.37 9.39 461 15.08

Sv,max 14.45 - 6.91 22.82 22.88 7.83 8.34 16.77

q - 14.16 12.21 17.43 28.27 6.00 8.91 13.02

Hp - 18.71 10.24 9.37 14.96 9.89 13.99 22.84
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5 #E
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Network, ANN)7|1H 2 XgABA2¥ GIS(Geographic Information System)5 % #& AWJ&
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