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Abstract

In a performance-based design, the structural safety is estimated from pre- defined
damage states and corresponding damage indices. Both damage states and damage
indices are well defined for above-ground structures, but very limited studies have
been performed on underground structures. In this study, we define the damage states
and damage indices of a cut-and-cover box tunnel which is one of typical structures
used in metro systems, under a seismic excitation from a series of inelastic frame
analyses. Three damage states are defined in terms of the number of plastic hinges that
develop within the structure. The damage index is defined as the ratio of the elastic
moment to the yield moment. Through use of the proposed index, the inelastic
behavior and failure mechanism of box tunnels can be simulated and predicted through
elastic analysis. In addition, the damage indices are linked to free-field shear strains.
Because the free-field shear strain can be easily calculated from a 1D site response
analysis, the proposed method can be readily used in practice. Further studies are
needed to determine the range of shear strains and associated uncertainties for various
types of tunnels and site profiles. However, the inter-linked platform of damage state -
damage index - shear wave velocity - shear strain provides a novel approach for
estimating the inelastic response of tunnels, and can be widely used in practice for
seismic designs.

Keywords: Inelastic analysis, Cut-and-cover box tunnel, Plastic hinge, Damage
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Table 1. Type of ultrasonic

Single Frequency Single Frequency High Frequency Mega sonic
(28 kHz) (40 kHz) (100~500 kHz) (1 MHz)
Theory Cavitation Cavitation Al\ioel; ?;i?én Al\ﬁ:(z:lli (;Zi?cr)n
Particle Acceleration 1500G 2500G 5000G 100000G
Impulsive Force Hundr'eds of Dozeps of Sev.eral )
atmospheric Pressure | atmospheric Pressure | atmospheric Pressure
Standing Wave Very Powerful Powerful Weak -
Wave Characteristic Diffusiveness Diffusiveness Straightness Straightness
Usage Normal Normal Precise Super Precise
4

Amplitude
J control control

[ ]
0 QO mm=m @6

Fig. 1. Bath-type ultrasonic processor
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Fig. 2. Principle of ultrasonic
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Fig. 4. Experiment to apply energy to grout in ultrasonic treatment bath
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Fig. 5. Acoustic pressure as a function of output power
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Table 2. Experimental conditions

Experimental conditions

- W/C : 50~100%

- 3d Dry curing, Curing Temperature 24~27°C

- Used SONO MOLD

- Ultrasonic Output (100% Output=1200W) : 25%, 50%, 75%, 100%
- Ultrasonic irradiation time (min) : 0, 1, 3, 5, 7, 10, 20, 30

- Grout Volume 1L, 1.5L
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Fig. 6. Temperature experiment of water and grout material
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