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Abstract

The behavior of the 3 hinged precast arch structure was investigated by comparing
field measurements with numerical analyses performed for precast lining arch
structures, which are widely used for the open-cut tunnel. According to the field
measurements, the maximum vertical displacement occurred at the crown with
upward displacements during the backfilling up to the crown of the arch and
downward displacements at the backfill height above the crown. The final crown
displacement was 19 mm upward from the original position. The horizontal
displacement at the sidewall, which had a maximum horizontal displacement,
occurred inward of the arch when compacting the backfill up to the crown and returned
to the original position after completing the backfill construction. According to the
analysis of displacement measurements, economical design is expected to be possible
for precast arch structures compared to rigid concrete structures due to ground-structure
interactions. Duncan model gave good results for the estimation of displacements and
deformed shape of the tunnel according to the numerical analyses comparing with
field measurements. The earth pressure coefficients calculated from the numerical
analyses were 0.4 and 0.7 for the left and the right side of the tunnel respectively,
which are agreed well with the eccentric load acting on the tunnel due to topographical
condition and actual field measurements.

Keywords: Open-cut tunnel, Precast lining, 3 hinged, Precast arch structure, Duncan
model
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Fig. 1. Detailed view of precast arch members
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Fig. 2. A precast arch structure used for this study
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Fig. 3. Standard cross section of the precast arch structure used for this study
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Fig. 4. Backfill compaction zones surrounding the precast concrete arch structure
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Fig. 5. Longitudinal diagram of the precast arch structure
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Fig. 7. Location and view of targets for displacement measurements
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Fig. 8. Results of vertical displacement measurements
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Table 3. Comparison of displacements obtained from field measurements and numerical analyses (unit: mm)

Numerical analyses (FEM) .
Backfill Field measurements
level Duncan model
Horizontal Vertical Horizontal Vertical

F 3.01 8.98 0 1

4m D 2.58 -1.93 0 1
H 3.96 1.06 -1 0

F 543 31.45 -1 12

6m D 14.4 -4.67 3 1
H -2.78 0.75 -7 0

F 0.78 60.12 3 66
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H -13.04 -4.62 -7 2
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+: upward displacements (vertical), from D to H (horizontal); -: downward displacements, from H to D
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Fig. 9. Comparison of vertical displacements obtained from field measurements and numerical analyses
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