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Abstract

A reliability based design approach of the tunnel reinforcement with umbrella arch
method was considered to better represent the uncertainties of the weak rock
properties around the tunnel. For this, a machine learning approach called an Adaptive
Support Vector Machine (ASVM) together with the limit equilibrium method were
introduced to minimize the iteration numbers during the classification training of the
tunnel stability. The proposed method was compared with the results of typical Monte
Carlo simulations. It was concluded that the ASVM was very efficient and accurate to
calculate the probability of failure having auxiliary umbrella arches and uncertain
material properties of the tunnel. Future work will be concentrated on the refinement
of the fast adaptation of the SVM classification so that the minimum number of
numerical analyses can be used where the limit solution is not available.

Keywords: Umbrella arch method, Adaptive support vector machine, Machine
learning, Reliability based design, Tunnel reinforcement
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Fig. 1. Sectional view of a tunnel before reinforcement
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Table 1. Material and geometric variables in the limit equilibrium analysis with UAM

Material variable Symbol (unit) Mean COV? (%)
Unit weight ¥ (MN/m?) 0.005 30
Cohesion C (MPa) 0.01 30
Friction angle ¢ (°) 30 30
Earth pressure coefficient K, 0.4 30
Slope angle & (°) 60 10
Geometric variable Symbol (unit) Value
Tunnel width B (m) 10
Tunnel height H, (m) 6
Overburden H, (m) Varied
Surface load q (MPa) Varied
Free length Z;(m) Varied
Steel pipe Symbol (unit) Value
Small sized

Diameter Ds (m) 0.0605

Moment of inertia I (m*) 23.7x 107
Large sized

Diameter @y (m) 0.1143

Moment of inertia I (m*) 300 x 10®
Center to center of pipes is (m) Varied
Length [ (m) 12

a) Coefficient of variation
A0l 0, BERO] Bt 42322 ek, 4] (3)3 ek,

H,cot

tann = T/Q

SHH, 2] (2)0llA el olet el 7ol T4 o Ze] Alaeet AR AP Q. o] o, Fig.
=]

of fehd vtel go] Bjd o] £ 52 nj2] Aot Hd 47 o 2

A B A E T sk o] o] 51885 e A tolle s ] 482 A 4 o, dAl=
=74 FE-SH 5, S ARESHE 7T 319 T(Dias and Oreste, 2013), 2] (2) ¥ Fig. 2014 7= ZF 7433
Aokl 425150 dols Uehdict. vkl 7, 71 73ake] o] ¢ Bk 2 Aol o] dAlioks 2137 1%
2 = AR 7S 4 Lo, AR AR} 2| Fol| B i o] 739 2 ol F A 518 sk
=4 @k
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Fig. 2. Geometry and loads on the steel pipes
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o}l Bl 47 A3 4 Qlek. el AERzIo] SiER A R Holslol Qs Aol 2t shg e
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0] glet. olol thgate] Z1AEH: 71%e] ikl SVM 7% =18 4 glow] Q14174 k] el ot
#4go] ) $& A0 el 9lrk, theolA= SVM 7]e] 7] o} 23} Pan and Dias (2017b)e] ezt
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0] 2 FHejstshs] Slk. o] ] RS OISR W4E support vector (SV)2H 8] 22N E Q14 H
o[E7IAIY] AekE F 4 Itk o} Aoz EsY] 9J5to] Fig. 4] HHIS £ 08 BRGL HR]
S18.04E £ ek the ol 2249 A2 2AC) 7} sVt e

Mm—Hsz—i— C. Z&Z )

i=1

A7VA, w, C. E ne 22t SV, A3} H<(regularization parameter) 2 A H|o|E] o] 7i4=E oJulgitt. 4] (5)
E WEA]7]7] A 2412 2] (6)0]1, o] wf 4] (7)3 22 (Smola and Scholkopf, 2004; Lee et al., 2018b),

y+ (w' - pla)+b) = 1-¢ (6)

&E=0,1=1,-,n @)

Al Supportvector
O +1 (safe)
v A -1 (fail)

Boundary 1

Xi

Fig. 3. Concept of adaptive support vector machine (ASVM)
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=1 o= ofsid 4 2L 0™ Fig. 30| 7|2 7Ha-& Al TAISIITE. TTRlolA & 4= Q= Hieh o] 94 2| 4%t
O] glo]B & o] §oto] 2R ERIAA S EESH &, St HlolEE XA 0 2 ARgSlo] 2F ERAlS
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Z T 9H2-9] HlolEi-Z o-85to] 7] SVM B-S AFgshH, o] o oFA g3t AR S o85S
UAM HZEE 9] P& AERE F +1 9] F/--0 = 4231t o] 2, Fig. 40f LR HEel o] SVME| 74|
(boundary)l| 7V 71712 Blo]ElE Fste] o2 SVME] 912 tlole| 2 &l5A171A] Hot. ghH U7he] dlofel+t
Z F71et5-8 HloelE AlElRte] JlojAl= 7 Aol 7FE 7171 Hlo 8 & AEiste] SVM 7 A2 HekE T Hst
Al =L}, F7ER= dlolE7t 71 SV R0l 1AIoh= -, ok5e] Bt Hox|= @] )9 2 2 Pan and
Dias (2017a)2] 792} GA A A 77k HlolH F 71& SVt 7 Aol Y1X[5k= Ho|HE FIs}
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