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Centrifuge—Shaking Table Test for Seismic Performance Evaluation of Subway Station
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Abstract

When a certain magnitude earthquake occurs, serious damage for human and properties is a major concern for most of
the subway stations which were not applied for earthquake resistant design. Consideration and experimental verification
for ground and structural behavior based on soil—structure interaction relation are required to evaluate seismic
performance of the subway station as embedded structures. For 1/60 scaled subway station model, centrifuge modeling
shaking table test is performed using Kobe and Northridge earthquakes. Compare to displacements and moments of the
underground and structure obtained by soil response analysis and response displacement method based on experimental
results, this paper shows how to evaluate seismic performance of subway station.

Keywords : Subway station, Centrifuge test, Seismic performance evaluation, Soil—structure interaction, Response
displacement method
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Fig. 1 Full scale and scale model of 3 story subway station
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Table 1 Dimension of scale model for subway station

Modulus Off 1 o+t | Width | Thickness | S/enderness
Scale model| Material | elasticity ratio
GPa mm | mm mm mm
upper slab 10.5
;zg(lﬂez 2756| 47
bottom slab 12
sidewall 1,2|uminum | 70 8 Tora1| 105
columnl 71.65 5 S=800/4200
column2 76 5 S=800/4200
column3 99.15 4 S=2000/5000

Table 2 Results of subsurface exploration

Soil Penetrated
Depth (m) classification SPT-N depth (cm) Neorr,30cm
2 12 30 12
4 30 6
6 9 30 9
8 13 30 13
10 deposit soil 6 30 6
12 6 30 6
14 9 30 9
16 37 30 37
17 50 16 94
19 50 6 250
21 weathered 50 5 300
23 rock 50 3 500
25 50 3 500
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Shear Wave Velocity, Vs (m/s)
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Fig. 3 Model for ground and subway station(mm)
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Fig. 4 Test specimen and location of accelerometers
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Fig. 6 Relative displacements for ground depth

Table 3 Accelerogram magnitudes with various methods

Experimental result Soil response analysis Response
displacement
Kobe Northridge SHAKE91 method
0.175g 0.160g 0.175¢g 0.160g 0.154¢g
(bedrock) (bedrock) | (bedrock) | (bedrock) (outcrop)
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Relative displacement (mm)
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b) Relative displacement by Northridge earthquake

Fig. 7 Relative displacement between subway station and
ground with underground depth
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Fig. 8 Moment of slab for subway station (Northridge 0.160g)
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Fig. 9 Moment of sidewall and column for subway station(Kobe
0.116g)
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