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Abstract

The country has built and is operating IT-based integrated management system for
efficient management of national highway tunnels used publicly these days. Since this
system doesn’t include the management function on earthquakes, it is impossible to
promptly respond to earthquakes and to select the sections requiring seismic
reinforcement. Tunnels designed and constructed after 1999 have been subjected to
seismic design for an earthquake with a return period 1000 years. Therefore, it is
necessary to evaluate the stability of structures in case of earthquakes more than this.
Since it takes a lot of time to perform the stability evaluation on various earthquake
magnitudes, a method that can easily evaluate earthquakes is needed. In this paper, the
empirical simplification method that can easily evaluate the earthquake was proposed.
For this, the study calculated ground displacement by conducting one-dimensional
ground response analysis, and examined the safety of tunnels in the event of
occurrence of an earthquake using two means of response displacement method
(analytics and numerical analysis).

Keywords: Tunnel, Earthquake, Empirical simplification method, Response
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Fig. 1. Modeling of target tunnel
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Fig. 3. Shear wave velocity of target sites

Table 1. Material properties and dynamic curve

Layer y (KN/m?) C (kPa) (%) K, Dynamic curve
Soil 20 0 30 0.5 Darendeli (2001)
Weathered soil 21 10 33 0.46 Darendeli (2001)
Weathered rock 26.2 120 38.7 1 Wang et al. (1980)
Soft rock 25.6 5500 46.7 1 Schnabel et al. (1972)
1 = 30 :
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0.8 F R [ === Weathered soil (o, = 50 kPa)
Jos g%
O 04 - w0k
02 L
0 ! ! L == () === == T | I
0.0001 0.001 0.01 0.1 1 0.0001 0.001 0.01 0.1 1
Strain (%) Strain (%)
Fig. 4. Dynamic curve
@ 1 L 1 i —— Design spectrum
= - = = MCE spectrum
.‘g 0.8 - 0.8 —— Average
5 L R — ok
L 0.6 - 0.6 === e
® 04 oG 04 -
= L \ L
3§02 g 02 k
8- oo A\ =
» 0 ‘  — 0 .
0.01 0.1 1 10 0.01 0.1 1 10
Period (s) Period (s)
Fig. 5. Response spectrum of input motions
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Table 2. List of earthquake

No | Earthquake name | Year Station name Magnitude I\/I(ezcl;;rllllts)m (1;;:5 (H\]//:)c) Component
1 Loma prieta 1989 Gilroy array 1 6.93 Reverse oblique 9.6 1428 EW
2 Hollister 1974 Gilroy array 1 5.14 Strike slip 10.5 1428 NS
3 Northridge 1994 | LA - Wonderland Ave 6.69 Reverse oblique | 20.3 1223 NS
4 Kobe, Japan 1995 Kobe uni 6.9 Strike slip 0.9 1043 NS
5 Coyote lake 1979 Gilroy array 1 5.74 Strike slip 10.7 1428 NS
6 Loma prieta 1989 Los gatos 6.93 Reverse oblique 5.0 1070 EW
7 Tottori, Japan | 2000 SMNH 10 6.61 Strike slip 15.6 967 NS
8 Iwate, Japan | 2008 IWTO010 6.9 Reverse 16.3 826 NS
9 San fernanda | 1971 Pasadenaold 6.61 Reverse 21.5 969 NS
10 | Tottori, Japan | 2000 OKYHO07 6.61 Strike slip 15.2 940 EW
11 | Kyungjoo, Korea | 2016 MKL 5.8 - 13.0 - EW
12 | Pohang, Korea | 2017 PHA2 53 - 9.0 - NS
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Table 3. Linnig properties

Thickness | Elastic modulus 1 A Z P Section
(m) (MPa) (m*/m) (m?) (m*/m)
0.3 0.00225 0.3 0.015
B Arch, Side
0.4 26,985 0.00533 0.4 0.0267 0.2
0.5 0.01042 0.5 0.0417 Bottom
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Fig. 7. Comparison of axial force between horseshoe shape and circle shape
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