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Abstract

Traffic jam and congestion in urban areas has caused the need to improve the utility of
underground space. In response, research on underground structures is increasingly
being conducted. Notably, a double-deck tunnel is one of the most widely used of all
those underground structures. This double-deck tunnel is separated by the middle slab
into the upper and lower roadways. Both vehicle load and earthquake load cause the
middle slab to exhibit dynamic behavior. Earthquake-related response characteristics,
in particular, are highly complex and difficult to interpret in a theoretical context, and
thus experimental research is required. The aim of the present study is to assess the
stability of a double-deck tunnel’s middle slab of the Collapse Prevention Level and
Seismic Category 1 with regard to the presence of vibration-damping Rubber Bearings.
In vibration table tests, the ratio of similitude was set to 1/4. Linings and vibrating
platforms were fixed during scaled model tests to represent the integrated behavior of
the ground and the applied models. In doing so, it was possible to minimize relative
behavior. The standard TBM cross-section for the virtual double-deck tunnel was
selected as a test subject. The level of ground motion exerted on the bedrock was set
to 0.154 g (artificial seismic wave, Collapse Prevention Level and Seismic Category 1).
A seismic wave with the maximum acceleration of 0.154 g was applied to the vibration
table input (bedrock) to analyze resultant amplification in the models. As a result, the
seismic stability of the middle slab was evaluated and analyzed with respect to the
presence of vibration-damping rubber bearings. It was confirmed that the presence of
vibration-damping rubber bearings improved its earthquake acceleration damping
performance by up to 40%.
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Table 1. Size relationship between the real object and the model for vibration table model tests

Similitude ratio (real object/model)
Physical parameter Generalized Actual similitude ratio
similitude ratio Type 1 Type 1 Type I
A, =1 A =AY00 =1 A=1,),=1

Length A A A A
Acceleration 1 1 1 1
Displacement AN, A\, ALD A
Pore-water pressure AN, A A A
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Fig. 4. Result data by measuring instrument
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Table 2. Soil properties

. . . Internal friction Deformation . .
C Unit weight Adhesiveness . Poisson’s ratio
Division (N/m) (kPa) angle coefficient ()
) (E, MPa)
Ground 21.0 100 33.0 500.0 03
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Table 3. Experiment result

Maximum acceleration (g)
Case : -
Point 1 Point 2 Remarks
Reduced by 29.1% at Point 1 compared to Point 2
Case-1 0.111 0.156 .
ase Reduced by 29.7% at Point 1 compared to Case-2
Case-2 0.158 0.152 Increased by 3.9% at Point 1 compared to Point 2
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