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ABSTRACT: Estimation of the stability of an operating tunnel through a back analysis is a difficult concept to analyze.
Specially, when a relatively thick lining is constructed as in case of a subsea tunnel, there will be a limit to the use of
displacement-based tunnel back analysis because the corresponding displacement is too small. In this study, DEA is adopted
for tunnel back analysis and the feasibility of DEA for back analysis is evaluated. It is implemented in the finite difference
code FLAC3D using its built-in FISH language. In addition, the stability of a tunnel lining will be evaluated from the
development of displacement-based algorithm and its expanded algorithm with conformity of several parameters such as

stress measurements.
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7S ARESiA BEe] AsE dlSstaal sk EH'E = AREY] BA4S E5S o 5SSk
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Fig. 1. Comparison between the procedure of forward analysis and back analysis (Sakurai, 1997)
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Fig. 4. Main stages of Differential Evolution Algorithm (Storn and Price, 1997)
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feasibility study of displacement-based DEA
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@ FLAC3D Forward Analysis Model set up
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@ Introduction to DEA

Initialization

@ Repeat Inverse Analysis

!

Mutation 3
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) | (mm) | (mm) | (mm) !
15 | 4160 0 11.34 Recombination
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45 | 3097 0 31.00 Evaluation
60 | 21.94 0 3752 | / v
75 11.28 0 41.63 Tﬁ% 0
X No
[3m, 10MPa case] Yes
(= )
Fig. 7. Flowcharts of back analysis for initial input parameters (displacements)
Table 2. Results of displacement-based back analysis (during construction)
F (GPa) Error (%) : (B-I) + 1 x 100 (%) Conditions
Input (I) 2.1 - (Radius, Pressure)
2.16 2.86 (3 m, 10 MPa)
Output (B) 2.01 —4.29 (5 m, 10 MPa)
2.13 1.43 (5 m, 20 MPa)
1, 2% 10 MPa®] S3Q1ehg wh= oF 250 m Almo] 1L glom, sy Zalgro] Jeigtel 249 Ao
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Table 204 34 2lo]l W aha] 92 24 AVE & D XA
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10MPa
AR AR
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AR A AR
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R R A A
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Fig. 8. Numerical model cases
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Fig. 9. Measurement points for the feasibility study of
displacement-stress-based DEA
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(@ FLAC3D - Excavation + Lining Model set up
@ Extra Loading
(3 Load Case for Small Displacement

. L Initialization
(@) Displacement & Stress Acquisition
® Introduction to DEA ‘l’

Mutation 3

(® Repeat Inverse Analysis

Angle Dixi Dzi | Angle Sxi Szi
() (mm) | (mm) ) (MPa) | (MPa)
15 1.64 0.78 25 278 6.07
30 143 0.99
45 1.21 121 45 370 3.18
60 0.99 1.44
75 0.78 1.64 65 6.06 278

!

Recombination

y

Evaluation

[3m, 10MPa case]

s T

Fig. 11. Flowcharts of back analysis for initial input parameters (displacements and stresses)
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Table 3. Results of displacement-based back analysis (during operation)

E (GPa) Error (%) : (I-B) + B x 100 (%) Conditions
Input (I) 2.1 - (Radius, Pressure)
236 12.38 (3 m, 10 MPa + 1 MPa)
Output (B) 2.29 9.05 (5 m, 10 MPa + 1 MPa)
2.33 10.95 (5 m,20 MPa + 1 MPa)
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Table 4. Results of displacement-stress-based back analysis (during operation)

E (GPa) Error (%) : (I-B) = B x 100 (%) Conditions
Input (I) 2.1 - (Radius, Pressure)
2.34 11.43 (3 m, 10 MPa + 1 MPa)
Output (B) 2.20 4.76 (5 m, 10 MPa + 1 MPa)
2.11 0.48 (5 m,20 MPa + 1 MPa)
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