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ABSTRACT: Efficiency for estimation of subsea tunnel safety can be increased through reflecting back analysis
algorithm to displacement measurements besides other measurement information such as stress, water pressure and
ground stiffness degradation. In this study, the finite difference code FLAC3D built-in FISH language is used. In
addition, the stability of the 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, water pressure measurements,
tunnel lining degradation measurements and ground stiffhess degradation measurements. By using additional measurement
information to assess the stability of subsea tunnel, it was confirmed that the error rate is reduced to the tunnel back
analysis.
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Fig. 1. Ground characteristic curve (GCC) and support reaction
line (SRL) in a convergence-confinement method (CCM)
graphical representation (Sandrone and Labiouse, 2010)
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Table 1. Parameters used in displacement-stress-stiffness degradation based back analysis

Lining Rock Grouting Ground DE
7y, (Unit Weight) | 25 kN/m? 20 kN/m? 21 kN/m? Range of Target Values
E (Elastic Modulus) 24 GPa 1.8 GPa 2.1 GPa Lining Grouting Ground
¢ (Cohesion) 0.8 MPa 1.1 MPa 1.0GPa< E(t) <2.1GPa
15GPa< E; (t) <24GPa | 0.55MPa<c(t) <1.1MPa
¢ (Friction Angle) - 28° 30° 15°< ¢ (t) <30°
v (Poisson’s ratio) 0.18 0.22 0.2 F (Mutant Constant) 0.8 (0~2)
Model Elastic Mohr-Coulomb CR (Crossover Constant) 0.8 (0~1)
K (Bulk Modulus) E / 3*1-2v) NP (Number of population) 10
G (Shear Modulus) E / 2*(1+v) Itermax (Max. Iteration) 20
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Fig. 6. Numerical Model for the feasibility study of displacement-stress-stiffness degradation based DEA (a) considering concrete
lining stiffness degradation (b) considering grouting ground stiffness degradation (c) considering case (a) and (b)
simultaneously

Table 3. Results of displacement-stress-stiffness degradation based back analysis (lining degradation)

E, (t) (GPa) Error(%) : (I-B)=Bx100(%) Conditions
Input (I) 24 - (Radius, Pressure)
Output (B) Case-1 19.55 1.823
(Degree of Case-2 21.18 3.824 (5m, 10MPa+1MPa)
degradation) Case-3 2251 4.167
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Table 4. Results of displacement-stress-stiffness degradation based back analysis (Grouting ground degradation)

E(t) (GPa) Error(%) : (I-B)+=Bx100(%) Conditions
Input (I) 2.1 - (Radius, Pressure)
Output (B) Case-4 1.515 3.061
(Degree of Case-5 1.735 3.274 (5m, 10MPa+1MPa)
degradation) Case-6 1.811 4.180

Table 5. Results of displacement-stress-stiffness degradation based back analysis (lining and grouting ground degradation)

E,(t) (GPa) E(t) (GPa) Error(%) : (I-B)=Bx100(%) Conditions
Input (I) 24 2.1 - (Radius, Pressure)
Case-7 19.056 1.485 (0.750+1.034)2 = 0.892
%‘;{;6(3 Case-8 18.830 1.860 (1.925+1.578)/2 = 1.752 (S 10MPa* IMPa)
degradation) Case-9 21.859 1.437 (1.20042.243)2 = 1.721
Case-10 21.230 1.940 (171142.622)2 = 2.167
B o o
B Qe 14t 2 e 2o 5
: A B WS =E3] HslA A8 °4¥°ﬂ
ofaff 5 W3 7Ivke] ARRIgt darelEE
S 7 v o g2 sto] 2k 9l gloid o] Mg 3l JHE
™ SH8-3F 4= QA dare|EE WSk 1 dare
g ' " = 7WAdste] Hel-35-7Hd(E3h 7)hke] dare]
v . o= P 53kl By el 3 A
sholat gL el 2.
T eplsemont socs sttes degracaton sesd DEA 1. 7HA1E) 212413} Ahmel =g EalA ofel )

4717 Cases AA310] B4
Sol 212 Aeleie), eloldat
Asteliz 9ol thalA st Ak vx|4
4 A3l 2Rgol 94 vigos
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