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A study on the estimation of the optimal number of monitoring points in

single-track tunnel lining with the inverse analysis program
Jong-Tae Woo'*

'Dept. of Construction and Environmental Design, Kyungbok University, Professor

ABSTRACT: In order to determine the optimal number of monitoring points in single-track tunnel lining, this thesis
compares and evaluates the results of two cases: when the tunnel lining is modeled into a simple beam form and then is
applied to 1) the tunnel lining inverse analysis program, and to 2) the commercially-used program. The displacement and
stress of specific tunnel lining cross-sections are determined by entering the load conditions into the commercially-used
program for tunnel interpretations. In doing so, two cases were assumed: where a symmetrically-distributed load was acting
upon the tunnel lining of a single-track tunnel and where an asymmetrically-distributed load was in action. By comparing
the computed displacement with the stress and displacement determined by entering side numbers 3, 5, and 7 into the tunnel
lining inverse analysis program, the optimal number of monitoring points is determined. From the results of the research,
it can be inferred that the number of monitoring points needs to be at least 5 points, considering the efficiency of monitoring
in practice and the loss-and-damage rate of tunnel monitoring.

Keywords: Single-track tunnel lining, Inverse analysis method, Inverse analysis program, Optimal number of monitoring
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Fig. 1. Configuration of the tunnel lining inverse analysis
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Table 1. Calculated result of the load and displacement by tunnel lining inverse analysis

; Left Center Right
tem
Vertical ‘ Horizontal Vertical ‘ Horizontal Vertical ‘ Horizontal
" A B c
cr
Load PP 20016 | 9345 35761 | 0000 20016 | 9354
(tonf) D E F
Lower ‘ ‘ ‘
y A B c
cr
Displacement PP 0630 | 0276 1075 | 0.000 0630 | 0276
(mm) D E F
Lower
0592 | -0247 21000 | 0000 0502 | 0247
Table 2. Calculated displacement by input to the commercial program
Ttem Left Center Right
(unit: mm) Vertical ‘ Horizontal Vertical ‘ Horizontal Vertical ‘ Horizontal
y A B c
I
PP 0518 | 0165 0847 | 0.000 0518 | 0615
FLAC
. D E F
OWer
0479 | -0.35 0779 | 0000 0479 | 0.3
. A B c
cr
PP 049 | -0210 085 | 0000 049 | -0210
SAP
. D E F
OWer
0457 | -0u79 0745 | 0000 0457 | 0179
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Table 3. Position displacement calculated from FLAC acting at symmetric distribution load (unit: mm)

Location A B C D E F G
Element no. 4~5 7~8 1~12 15~16 19~20 23~24 26~27
Horizontal -0.035 -0.112 -0.044 -0.002 0.044 0.112 0.035
displacement
 Vertical ~0.034 ~0.090 ~0.247 ~0.367 ~0.247 ~0.090 -0.034
displacement
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Location A B C D E F G
Horizontal 0.055 0.139 0.116 -0.028 -0.158 -0263 -0.122
displacement
Vertical -0.050 -0.090 -0.130 0.018 0.007 -0.022 -0.016
displacement
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Table 5. Result of single track tunnel lining by inverse analysis program

Result Symmetry distribution load Asymmetry distribution load
+Case 1 : Large difference by criteria on arch part of |-Case 1 : Large difference by criteria on arch part of
. tunnel. tunnel
Horizontal _ L
stress +Case 2 & Case 3 : Same value by criteria on every part.|*Case 2 & Case 3 : Same value by criteria on every part
-Inverse analysis accuracy of stress is increasing with |-Inverse analysis accuracy of stress is increasing with
increasing the number of monitoring spot (5, 7 points).| increasing of monitoring spot (5, 7 points).
+Case 1 : Large difference by criteria. ‘Case 1 : Large difference by criteria.
Vertical +Case 2 & Case 3 : Same value by criteria on every |:Case 2 & Case 3 : Same value by criteria on every
stress part. part.
-Inverse analysis accuracy of stress is increasing with |-Inverse analysis accuracy of stress is increasing with
increasing of monitoring spot. increasing of monitoring spot.
Horizontal . . . . . .
displacement In contrast with vertical and horizontal stress, not much|-In contrast with vertical and horizontal stress, not
Vertical affected by the number of monitoring spot (3, 5, 7 much affected by the number of monitoring spot (3, 5,
displacement points) on inverse analysis. 7 points) on inverse analysis.
monitoring point number monitoring point number
Accuracy order . . . . . .
3point — 5point — 7point 3point — Spoint — 7point

Casel: 3 monitoring point (B, D, F), Case2: 5 monitoring point (B, C, D, E, F), Case3: 7 monitoring point (A, B, C, D, E, F, G)

10
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