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Studies on Behavior Characteristics of Retrofitted Cut-and-Cover Underground
Station Using Centrifuge Test Results

Jin-Ho Kim', Na-Hyun Yi?*, Hoo-Seok Lee’

Abstract: Domestic urban railway underground station structures, which were built in the 1970s ad 1980s, had been constructed as Cut-and-Cover
construction system without seismic design. Because the trends of earthquake occurrence is constantly increasing all over the world as well as the Korean
Peninsula, massive human casualties and severe properties and structures damage might be occurred in an non-retrofitted underground station during
an earthquake above a certain scale. Therefore, to evaluate the retrofit effect and soil-structure interaction of seismic retrofitted underground station,
a centrifugal shaking table test with enhanced stiffness on its structural main member are carried out on 1/60 scaled model using the Kobe and Northridge
earthquakes. The seismic retrofitted members, which are columns, side walls, and slabs, are evaluated to comparing with existing non-retrofitted
centrifuge test results Also, to simulate the scaled ground using variation of shear velocity according to site conditions such as ground depth and density,
resonant column test is performed. From the test results, the relative displacement behavior between ground and structures shows comparatively similar
in ground, but is increased on ground surface. The seismic retrofit effects were measured using relative displacements and moment behavior of column
and side walls rather than slabs. Additionally, earthquake wave can be used to main design factor due to large structural deformation on Kobe earthquake
wave than Norhridge earthquake wave.
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Fig. 1 Centrifuge test equipment components
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Fig. 2 Full- and down-scaled models of three-story underground
station (Kim and Shin 2011)

Table 1 Dimensions of scaled model for underground station(Kim
and Shin, 2011)

Table 2 Dimension changes of seismic reinforced scaled model

Scaled Model Walls Column1 Column2 Column 3
¢  Beforeretrofit  10.5 5 5 4
(mm)  After retrofit 11.2 5.5 55 4.5

Note : ¢ : thickness

Table 3 Standard penetration test N-value of targeted underground
station(Kim and Shin 2011)

Penetration Neorr,

Depth(m) Classification N-value depth(cm) 30 em

2 12 30 12
4 30
6 9 30
8 13 30 13
10 Deposit soil 6 30
12 6 30
14 9 30
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

Slabs
Scale(i Walls Column1 Column2 Column 3
Model - (jpper Middle Bottom

E (GPa) 70 (Aluminum)

l
(cam) 484

w

275.6 279.1  71.65 76 99.15

(mm)

! 105 4.7 12 10.5 5 5 4
(mm)

Notes : £, : modulus of elasticity, ¢: length, Wi width, ¢ : thickness
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Notes : N-value : the sum of the number of blows needed for the tube
to penetrate 30cm. In case 50 blows are insufficient to advance it
through a 30cm, the penetration depth after 50 blows is recorded,
Ncorr : Normalized N-value for the tube to penetrate 30cm.
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Fig. 3 Shear wave velocity profile of the ground(Kim and Shin 2011)

Fig. 4 Construction of simulated ground using equipment(Shin, 2013)
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Fig. 6 Converted earthquake wave for centrifuge test (1/60 scale)
(Kim and Shin 2011)
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