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Tunnel displacement happens during the process of stress redistribution by tunnelling. Tunnel displacement can
be divided into 3 types such as displacements occurring before excavation, non-measured displacements after exca-
vation and measured displacements after excavation. Because measurements of displacements occurring before
excavation and non-measured displacement after excavation are difficult and time-consuming in the field, many
researchers have studied on total displacement and its characteristics with excavation using numerical analysis. In
this study, we used a 3-D back analysis to estimate total displacement by rock mass grades in tunnel constructed in
sedimentary rock. We reduced error between measured displacements and calculated displacements from a 3-D
numerical analysis, and then estimated suitable rock mass properties by RMR classes. Ultimately, Logistic nonlin-
ear regressions of total displacement with tunnelling were estimated by least square estimation.

Key words : measured displacement, 3-dimensional numerical analysis, back analysis, nonlinear regression, Logis-
tic model
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Fig. 1. Crown settlements due to excavation of tunnel.
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Table 1. Converged crown settlements of each rock type.

Rock type I I 111 v \"
Upper line (mm) -2.7 -2.5 -1.6 -2.1 -2.1
Average line (mm) -4.7 -42 -4.6 -4.0 34
Lower line (mm) -6.9 -7.6 -7.6 -5.7 -7.0
Number of Monitoring points 8 37 100 15 23
04
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1
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Fig. 2. Measured crown settlemetns of IV-type rock mass.
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Fig. 4. The comparison of measured and calculated crown settlements for IV-type model.
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Fig. 5. The range of displacements for IV-type rock mass.
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Table 2. Calculated displacements using 3D numerical analysis during excavation.
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Minimum displacement

Maximum displacement

Average displacement

Rock P Crown Displacement Crown Displacement Crown  Displacement
arameter . . .
type settlement ratio settlement ratio settlement ratio
(mm) (%) (mm) (%) (mm) (%)
Total -13.9 100 353 100 244 100
displacement
Displacement before 86 619 2.1 626 153 62.7
excavation
TN d displ t
on-measured displacemen 26 18.7 6.3 17.8 44 18.0
after excavation
Measured displacement 27 19.4 69 196 47 193
after excavation
Total -12.0 100 37.8 100 20,0 100
displacement
Displacement before 6.6 55.0 219 579 112 56.0
excavation
LN d displ t
on-measured displacemer 29 242 83 220 46 23.0
after excavation _
Measured displacement 2.5 20.8 76 20.1 42 21.0
after excavation
Total 70 100 386 100 223 100
displacement
Displacement before 3.8 54.3 237 61.4 -13.0 583
excavation
RUN d displ t
on-measured displacemen 16 22.85 73 18.9 47 21.1
after excavation
Measured displacement -1.6 22.85 7.6 19.7 -4.6 20.6
after excavation
Total 9.0 100 28.0 100 -19.6 100
displacement
Displacement before 44 489 -16.1 575 108 s5.1
v excavation
Non-measured displacement 25 278 62 2.1 48 245
after excavation
Measured displacement 21 233 5.7 204 4.0 204
after excavation
Total 1S 10.0 247 100 165 100
displacement
Displacement before excavation -5.7 49.6 9.8 39.7 -8.0 48.5
v Non—measurefi displacement 38 330 78 316 51 30.9
after excavation
Measured displacement after 2.0 17.4 7.1 28.7 -3.4 206

excavation
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Table 3. Estimated parameters of the logistic model for estimation of displacement curve.

Rock Displacement Parameter estimates

95% confidence interval of parameter estimates

R?
type curve o B K o B K
Minimum -0.211 0.348 -33.995  (-0.422, 0.007) (0.286, 0.410) (-34.699, -33.291)  0.993
1 Maximum -0.197 0.350 -23.560  (-0.411, 0.016) (0.287, 0.413) (-24.053, -23.068) 0.993
Average -0.184 0.351 -13.422  (-0.400, 0.312) (0.287, 0.416) (-13.706, -13.138)  0.993
Minimum -0.014 0.342 -36.621  (-0.164, 0.136) (0.297, 0.387) (-37.193, -36.049) 0.994
I Maximum 0.057 0.344 -19.403  (-0.096, 0.210) (0.298, 0.390) (-19.714, -19.093) 0.994
Average 0.094 0.345 -11.571  (-0.062, 0.250) (0.298, 0.392) (-11.760, -11.382)  0.994
Minimum -0.110 0.327 -37.434  (-0.264, 0.044) (0.284, 0.370) (-38.041, -36.826) 0.994
111 Maximum 0.135 0.324 -6.786 (-0.022, 0.292) (0.279, 0.368)  (-6.902, -6.670) 0.993
Average -0.006 0.327 -21.586  (-0.160, 0.147) (0.284, 0.371) (-21.940, -21.231) 0.994
Minimum 0.018 0.328 -27.347  (-0.087, 0.123) (0.298, 0.358) (-27.655, -27.039) 0.995
v Maximum 0.093 0.334 -19.171  (-0.011, 0.198) (0.303, 0.364) (-19.384, -18.957) 0.995
Average 0.285 0.327 -8.773 (0.179, 0.391) (0.297, 0.356)  (-8.873, -8.673) 0.995
Minimum 0.961 0352 -25.726  (0.776, 1.147) (0.306, 0.397) (-26.135, -25.317)  0.990
\" Maximum 0.560 0.430 -16.920 (0417, 0.704) (0.380, 0.480) (-17.130, -16.709)  0.993
Average 0475 0.471 -11.726  (0.346, 0.604) (0.421, 0.604) (-11.853, -11.600)  0.995
L. K o, : Parameter estimates
Logistic model Y= 1+ exp(a - Bt) T BK : Limiting value
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