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A Basic Study on the Prediction of Collapse of Tunnels
Using Artificial Neural Network
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Abstract

Collapse of a tunnel can occur anytime, anywhere due to the special characteristics of tunnel structures and unexpected
geological conditions during construction. Tunnel collapse will lead to economic losses and casualties. So various studies
are continually being conducted to prevent economic losses, casualties and accidents. In this study, we analyzed data
from 56 domestic construction tunnel collapse sites, and input factors to be applied to the artificial neural network were
selected by the sensitivity analysis. And for the artificial neural network model design studies were carried out with
the selected input factors and optimized ANN model to predict the type of tunnel collapse was determined. By using
it, in 12 sites where tunnel collapse occurred applicability evaluation was conducted. Thus, the tunnel collapse type
predictability was verified. These results will be able to be used as basic data for preventing and reinforcing collapse

in the tunnel construction site.
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Table 1. Classification table for tunnel collapse effect factor
ltem Contents Value
(1—1) Tunnel equivalent section area (m?) 010
M Under 20[0], 20~45[2], 45~70[4], 70~12016], 120~200[8], more than 200[10]
Geometrical :
characteristic (1-2) Depth ratio (Zo/D) 0~10
Under 7[0], 4.5~7[3], 2.5~4.5[6], 1~2.5[8], more than 1[10]
Rock type Hammer strike Unconfined compressive
strength
Diabase, Quartz,
Quartzite Very strong blow > 150 MPa [0]
(2-1) Granite, Gneiss, B
Rook type Conglomerate Strong blow 100 ~ 150 MPa [3] 0~10
Marble, Schist, 1st blow 50 ~ 100 MPa [6]
Limestone
Shale, Slate Hammer crushed 10 ~ 50 MPa [8]
Tuff, Siltstone Hand crushed 10 MPa > 0 [10]
(2) 75 < RQD < 100 [0]
Condition of
around 50 < RQD < 75 [2]
(2-2) 25 ¢ RQD < 50 [4] 0-10
RQD / N values 10 < RQD < 25 [6]
N=50 [8]
RQD<10
N<50 [10]
Fresh (F) [0]
o-3) Slightly weathered (SW) [3]
2-3
Weathered degree Moderate weathered (MW) [6] 0~10
Highly weathered (HW) [8]
Completely weathered (CW)
| grade [0]
(3_1) 1l grade [3]
Conditions of Il grade [6] 0~10
discontinuities IV grade [8]
.(3) V grade [10]
Conditions of — —
discontinuities Dip dir. 45°~90° [0]
(3_2). Dip dir. 20°~45° [3]
Geomgtrlcal Reverse dip dir. 45°~90° [6] 0~10
condition of
discontinuities Reverse d|p dir. 20°~45° [8]
Dir. 45°~90° of strike parallel to tunnel axis [10]
oI=sAZa JIHE 0|6t HE 21| WIS 28 J|= o272 7



Table 1. Classification table for tunnel collapse effect factor (Continued)

Iltem

Contents Value
General conditions ¢/min
(4=1) Completely dry <5 (0]
General Damp 5~10 [3]
conditions of Wet 10~25 [6] 0~10
(@) groundwater Dripping 25~125 [8]
General Flowing > 125 [10]
conditions of <0 [0]
groundwater 0~1 [2]
(4-2) 1~5 [4]
Groundwater 0~10
level 5-10 [6]
10~20 [8]
> 20 [10]
Full face [0]
(5-1) Long bench [3]
Method of Short bench [6] 0~10
excavation Mini bench [8]
Multiple bench [10]
Condi(ti5c)>ns of Blast excavation over Mechgnical gxgavation Excavation result
excavation break (%) Operation efficiency(%)
(5-2) <100 <100 Very good [0]
Performance of 100~105 100~105 Good [3] 0~10
excavation 105~110 105~110 Moderate [6]
110~120 110~120 Poor [8]
120 < 120 < Very poor [10]
Support Standard Grade
Shotcrete thickness (cm) 12 cm
(6-1) Rockbolt length (m) 4m Standard<application = 0 0~10
Support pattern Rockbolt distance (m) 1.5 m Standard=application = 1
©) Steel rib distance (m) 1.5 m Standard>application = 2
Support & Round length (m) 1.0~1.5 m
Reinforcement Hard rock [0]
(6-2) Soft rock [3]
Reinforcement Weathered rock [6] 0~10
of ground Weathered soil [8]
Does not apply [10]
(a—1) Crown failure [1]
7) (a-2) Weakness strata failure [2] i
Type of collapse (a—3) Full face failure [3]
(a—4) Overburden failure [4]
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Table 2. Database for tunnel collapse cases
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Fig. 1. Classification of tunnel structure
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Fig. 2. Statics analysis of input parameters for tunnel collapse
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Table 3. Input and output factors
Item No. Contents Value
1 Tunnel equivalent section area (m?) 0~10
2 Depth ratio (Zo/D) 0~10
3 Rock type 0~10
4 RQD / N values 0~10
5 Weathered degree 0~10
6 Conditions of discontinuities 0~10
Input factor 7 Geometrical conditions of discontinuities 0~10
8 General conditions of ground water 0~10
9 Ground water level 0~10
10 Method of excavation 0~10
11 Performance of excavation 0~10
12 Support pattern 0~10
13 Reinforcement of ground 0~10
Output factor 1 Type of collapse 1~4

)
0
[pa
0
02
9
ifs
o
(=)
0F0
o
m
T
0ot
=t
=
I
2
)
o
S
P
5°)
J



o] AFe(13.30%), EAL2] 7)5t5HE] 54(8.04%), A
8l 5 95H12.37%), X|814221(6.96%), ZZPH(5.89%),
FHAE(7.34%), AR E222(6.17%), B 2ITH(5.38%)
o2 vehyth Aljdo R 2 712 Holk BEHL&H )
AE(13.30%), |3t H-AH(12.37%)& A5t 4

Aol gelad = HYsabE, RQDINA, A|aks
FAE, BHAE 734~826%2 AR UES 1 - Apme] 2

S ik IRl & 137 Qleiad FolA Bl B Aol A Apre] Bake AAHole S a9l
A Aapgro] Atja oz Ao 7%u]uko] 1= Q A(E S HA| E(training set), WAFAZA| E(cross validation set),
e =], =, TPEESke, sk, 22, Al AR E(testing set) = F-iEokH:. EHUAEE 72} 2
Hiffd g, Hagw)E AAIZH 28 A oA = A7 o) 7WsAE 275t fIgt dlolH ol 55 {18l
67119 Y aas o]gste] LT WRler Wie ojZl dlolEo|th. RAHFAEE 2959 v -
A2 Akt Fig 3(b)= 29| A A=A 4 = 2437 §3 AmolH, o] A 7E 0|85t 2
TAG7E 0.88021 7 Bl @2 H 2)(22.45%), RQD/N = AT 4= Sk AIFAIEE Shgoll tit 232 &
2)(11.55%), B8 2] AFe(8.18%), B4 ] 7|8} £9& F7ksl7] I8l AREEl= Aol & Aol 4
o4 54(23.88%), A5k A 21.86%), =25 B3t A= o] £ vE&2 F dlolEl(567h)l HisiAl 2t
(12.07%) 2.2 Yepgth 2£ e eidhs= 0=} 10% ZF T10%(ZHAE, 3971), 20%(AFAZAIE, 117]), 10%
ojstz the Y aaso] Hgf gho] 2R EAE5H 4 AHAE, 6712 #-&3F3ith

o QRS AeIAIE, S e e e (e dati

-

30.0
13.0 [ crerar soniions-of Geometrical
soere ) | gt _ oo,
Tunnel_equlvalem General conditions of
section area groundwater
10 5 200 -
S g
.g 9.0 [Tunnelequivalent g 180 == Perfomance of
o section area an RQDMIues excavation
RQDIN values d Perfomance of 100 == = = = =
70 roundwater level | Corjditionls of
L 4 1 —|—- o
Wegathered degree Method of eileglff;?;ind 50 L iscontinliities
Support|
pattern
5.0 L L 00 I
(a) r=0.982 (b) r=0.880
Fig. 3. Results of sensitivity analysis
Table 4. Final input and output factors
ltem No. Contents Value
1 Tunnel equivalent section area (m?) 0~10
2 RQD / N values 0~10
Input factor 3 Geometrical condition of discontinuities 0~10
4 General conditions of ground water 0~10
5 Performance of excavation 0~10
1 Crown failure 1
Output factor 2 Weakness strata failure 2
(Type of collapse) 3 Full face failure 3
4 Overburden failure 4
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Table 5. Artificial neural network design step
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Table 6. Result of operation factors and correlation coefficient in the artificial neural networks
Model Transfer function Momentum Learning ratio Hidden nodes Hidden layer
Collapse Tanh function 0.9 0.5 10 2
prediction (r = 0.891) (r = 0.891) (r = 0.891) (r = 0.938) (r = 0.938)
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Table 7. In site input and output data for application verification
Input factor ?:Ct?;rt
No Project Collapse T | G trical
' type gnne RQD /N eom.e rica Groundwater | Performance | Type of
equivalent condition of :
i values | . . level of excavation|collapse
section area discontinuities
1 |Seoul — Chuncheon highway 6 section| Crown failure 4 10 10 8 0 1
2 Gwirae — Maeji road expansion Crown failure 4 8 10 3 1
3 Busan Newport railway Fu”. face 2 10 0 10 6 3
failure
4 Boryeong city Bypass road Crown failure 6 4 8 10 6 1
5 | Gangdong — Pohang road expansion vae;ﬁltjrr;jen 6 4 10 10 6 4
6 |Seoul — Chuncheon highway 4 section Weakngss 4 8 6 10 8 2
strata failure
7 Seoul — Yangyang expresswa Weakness 2 6 10 10 3 2
gvang exp v strata failure
Korail Youngdong line Full face
8 Dongbaeksan — Dogye tunnel failure 2 6 3 10 3 3
9 Seoul metro line 5—16 section Overpurden 4 2 8 10 3 4
failure
10 Seoul metro line 5—36 section Fu”. face 4 4 3 10 3 3
failure
11 Busan subway line 1-9 section Weakngss 4 8 3 0 3 2
strata failure
12 KTX Gyeongbu line 12—4 section Overpurden 4 2 10 8 3 4
failure
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Table 8. In-situ result data

NO Collanse tvoe Output Crown Weakness Full face Overburden Desired
' pse yp data failure strata failure failure failure data
1 Crown failure 1 96% 0% 4% 0% 1
2 Crown failure 1 94% 0% 6% 0% 1
3 Full face failure 3 3% 0% 97% 0% 3
4 Crown failure 1 95% 0% 0% 5% 1
5 Overburden failure 4 2% 8% 0% 90% 4
6 Weakness strata failure 2 4% 85% 0% 11% 2
7 Weakness strata failure 2 0% 73% 12% 15% 2
8 Full face failure 3 3% 0% 93% 4% 3
9 Overburden failure 4 3% 2% 0% 95% 4
10 Full face failure 3 0% 0% 98% 2% 3
11 Weakness strata failure 2 9% 81% 8% 2% 2
12 Overburden failure 4 6% 4% 0% 90% 4
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