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Prediction of TBM tunnel segment lining forces using ANN technique
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ABSTRACT: This paper presents development of artificial neural network(ANN) based prediction method for section forces
of TBM tunnel segment lining in an effort to develop an automatized design technique. A series of design cases were first
developed and subsequently analyzed using the two-ring beam finite element model. The results were then used to form a
database for use as training and validation data sets for ANN development. Using the database, optimized ANNs were
developed that can readily be used to predict maximum sectional forces and their distributions. It is shown that the compute
maximum section forces and their distributions by the developed ANNSs are almost identical to the computed by the two-ring
beam finite element model, implying that the developed ANNSs can be used as design tools which expedite routine design
calculation process. The results of this study indicate that the neural network model can be effectively used as a reliable and
simple predictive tool for the prediction of segment sectional forces for design.
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Table 1. Range of design variables considered

D H @ [0) E ¥
Data Range . K v
£ (m) (m) (kPa) @) (MPa) (KN/m’) !
Maximum 10 30 100 35 70 20 0.6 0.29
Minmum 7 10 0 25 20 18 0.4

Notice) c¢=Cohesion, ¢ = Friction angle,
coefficient, v =Poisson Ratio, [ = Tunnel Diameter,

FE=Young modulus, y=Unit weight,

16

H=Depth of soil, k,=Lateral earth pressure
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Table 3. Data ranges used for ANN generalization

D s Axial force, NV Bending moment, A/ Displacement, & Shear Force, V'
(kN) (kN*m) (mm) (kN)

Maximum 2662.3 175.4 50.23 719.1

Minimum 309.9 15.9 5.95 64.5
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Table 4. Performance of ANN

ANN Bending Moment, M(kN m)

(c) Max bending moment

Classification Displacement, Bending Moment, A/ Axial Force, NV Shear Force, V
(mm) (kN-m) (kN) (kN)
R’ Training 0.99 0.99 0.99 0.99
Testing 0.99 0.97 0.96 0.97
Validation 0.86 0.99 0.99 0.99
RMSE Training 0.99 0.94 0.69 0.20
Testing 3.21 0.87 1.54 1.29
Validation 5.51 1.12 1.24 1.84
MAE Training 0.81 0.35 0.36 0.28
Testing 1.06 0.58 0.78 0.95
Validation 1.7 0.12 0.70 0.90

20



417

oX

p 73] TBM 59 AITHE etold ¥4 B}

HolZ 9k ot fetkaasfa
= o] Figollifiz

= Bafelol QoiA] 7 HAfelol dhet shrATi
&gkt vl A Hoigre] 2AR(R?) 7 Bt 9%
ojfor FAElon HIAMAE 99% o1te]
BRAE SRk Jloz HEEQI: TS Table
4olAl= G55 ANNG o575 AR 2%
A< R?), RMSE (Root Mean Square Error), MSE
(Mean Square Error)E o]-8-s}o] YeER$1 o™ of-$-
St oS s Efshe Aoz HEHSIH: o]
2ot Aik= & At A 53 ANN <lixle) ok
At =2 ARAE SHHshs 2k ufshy ok
2] TBM B9 AIHE zlold FA A Al
AErtozA Fetaasiie sdske At
O7A H Atolli] 5E ANNS 283 5= S
shelsgick

5T
#

al

*‘6']-

A 5}

T O

o
o>

3.4 BxEs 9J%t ANN 7=

3.4.1 714

TBM A|THE AAIE ffsirte 20 741 A
R ofuet ATIHE. &) Zete]l AR sl F
o] Ago] Hasirt ojof & ArllMe o 3370
A 71adt 2 FAE AP ANN F5ageld 75
Tk TRt 2] it fetassls Avks 285
o FA =] digk DBE =3l o & 283}

[

E. 54 ground conditions,
i calculation of 64 nodes section
: forces for each condition

e Construct DB through the

E normalization for each node

Construct DB sets
for ANN Training

5 node computed by generalized
: ANN

R 4}
SEES Vel 2024 SAE AL

a4 mEle] 7} Node™ RAj2le] djsls A7e1E
A7 DBE 745} 75 Node' %42 DBE
obA ANNQIZIolA A8 9l shejiels ofg3)
of B8 A7 HAUE oS ANNS 7E3}glch

342 %% DB 7% A AFE
ANN 15 9J31 DB 152 9J8)] WA 7] 155
DBE &-85}o] Node® FAS F=35t0] of=ff 4]

g 23900 4 Ol o
o %% DB Eld 47

min -

& tpehiich

24 gl .5t
At A4t

T

xfaryet =

output = E— (:U Tin )

max

3.43 7ZE ANN Z3
+ HoflAl= ANN DBR 5 A5 270 oA

] » _,[ Training ANN ]

S
/Normalization - |
* N Input

P -
( Training ANN )

v

HP—— -
:{( Training DB )

Fig. 8. Concept of ANN development for section force distribution

21



%34 - A3

Aoz AFZAL 2k ANN Input DB 750]) AR
g o= metlEE ARE-SHeith

Fig. 9~ 11- Table 5] A] 7}x] AlZz70| di3]
HAE e} f3tataa o m HE

3he) Aolsg Faglz Agstdon d2ghe 5
3 Qe Aok SAPX00S o} g5to] e
53} Qo FAHES vlwshgich. of) Table 5t
A%l 28H U Caseoll 3t AB2ALS el ANNOE o3l

Axial Force, F,(kN) Bending Moment, M(kN' m)
0 ® TFEM

270 |-
A\
(a) Axial force (b) Bending moment
Fig. 9. Comparision of predicted section forces by ANN with computed by FEA - Case 1
Axial Force, F,;(kN) Bending Moment, M(kN' m)
0 ® FEM
B ANN
315 315 4
, /
/
[ /
/
270 270 90
1 :
\\
% o N -t N
= 225<\\\\\\\\\:\glk,,///)//////f;g

180
(b) Bending moment

(a) Axial force
Fig. 10. Comparision of predicted section forces by ANN with computed by FEA - Case 2

Table 5. Segment lining geometries and ground conditions considered for validation

Case Ground S R B N R v
1 Alluvial layer 7 10 5 25 20,000 19 0.577 0.29
2 Alluvial layer 7 10 10 30 30,000 18 0.5 0.29
3 Alluvial layer 10 10 3 25 20,000 19 0.577 0.29
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