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Fig.1 Installation of strainmeters in a shield-driven tunnel
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Fig.2 Examples of time history of axial strain on segment and
joint portions (4/10/1985)
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Fig.3 Schematic representation of replacing a shield-driven by
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and surface ground
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Fig.5 Finite element mesh for axisysmmetric deformation analyses
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Table 2 Material properties for ground used in finite element

analyses
Soil v s 7y E
Type m/sec tf/m3 (](N/m3 ) kgf/cm2 (I(N/ru2 )

1 50 1.40(13.72) 71.4 0. 70)

2 | 100] 1.50(14.70) 306.6 (3.00)

3 150 1. 60(15. 68) 734. 4 (7.20)

4 200 1.80Q17. 64) 1468. 8 (14. 4

5 300 2.00(19. 60) 3672.0 (36.0)

6 400 2.10(20.58) 6854.2 (87.2)

T 500 2.20(21. 56) 11220 (110.0)

8 600 2.30(22. 54 16891 (165.5)

9 700 2.35(23.03) 23490 (230.2)
10 800 2.40(23.52) L31334 (307. D
11 900 2.45(24. 01 ‘ 40484 (396.7)
12 | 1000] 2.50(24.50) | 51000 (499.8) |
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Fig.6 Deformation due to an axisymmetric analysis
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Table3 Valus of g calculated by equation (11) using r
obtained from the analyses

Soil Vs Kseg /Kjt
Tyee | 1/sec | 3.43 34.3 343
1 50| 0.136 0. 080 0.074
2 | 100] 0.090 0. 075 0.074
30 150 0.083 0.074 0. 074
4] 200| 0.081 0.074 0.073
5 | 300] 0.081 0.073 0.073
6 | 400 0.078 0.073 0. 073
T ] 500] 0.077 0. 070 0.071 |
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Table 4 Results obtained from finite element analyses and those from spring model and equation (12) on the

values of 7 (=Dj/Dsey)

hssz v, Koo /Xiy= 3.13 Koog Fi¢= 343 Koo /Mje= 343
rupe [a/sec | P | Sorime | Basatton | PR | spring | Buustion | PN soring | saation
| 1| 50 3.39 3.38 3.41 31.7 31.6 31.9 192.3 192.3 191.6
2 100 | 3.30 3.30 3.32 25.6 25. 4 25.7 78.9 79.3 78.8
[_ji 150 | 3.15 3.15 3.18 19.0 18.8 19.0 38.0 38.3 37.9
4 200 2.92 2.93 2.96 13.1 13.0 13.2 20.0 20.3 20.1
5 | 300 240 2.42 2. 45 6.9 6.7 6.8 8.4 8.4 8.3
6 400 1.92 1.94 1.96 1.1 4.0 4.0 4.6 4.6 4.5
7 500 1.51 1.52 1.54 2.1 2.5 2.6 2.9 2.8 2.8
8 | 600] 1.19 1.19 1.20 Ls [ L7 1.8 2.0 1.9 1.8
9 700 | 0.97 0.95 0.96 1.4 1.3 1.3 1.4 1.3 1.3
10 800 0.79 6. 77 0.77 1.1 1.0 1.0 1.1 1.0 1.0
11 900 | 0. 66 0.63 0. 63 0.8 0.7 0.8 0.9 0.8 0.8
12 | 1000 0.55 0.52 0.52 0.7 0.6 0.6 0.7 0.6 0.6 |
= = = = = = = Table5 Types of shield-driven tunnels
Ground - -
Tunnel | OQuter Thickness | Width Kseg /Kjt
Type Dia. (m) (cm) (cm)
Segment  f<—Joint 1 5.1 27.5 90. 0 34.3
2 7.0 30.0 90.0 15.0
Ground 3 13.9 65. 0 150.0 20.0
< < < < < < (,;%

¢ fix[ed

dg6 dg4

Fig.10 A schematic diagram for the spring model
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Table 6 Comparison on r values between finite element analyses and equation (12)

Soil VS Tunnel Type
1 2 3
Type
w/sec Iepy [ 2y |  a |FEMN | 2)| a |FEE | (2] a
1| 100 |25.6{25.7| 0.075)13.0{13.1| 0.086|15.6|16.3| 0.091
2 | 200 |13.113.2{ 0.074| 55| 5.8| 0.080| 4.7] 5.3 0.088
3 300 6.9 6.8 0.073| 2.4} 2.6] 0.080] 1.9| 2.1| 0.084
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Fig.12 Cross section of model ground for an earthquake response analysis

Table 7 Equivalent tensile rigidities and spring constants con-
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A STUDY ON THE EVALUATION OF EARTHQUAKE RESISTANCE OF
SHIELD-DRIVEN TUNNELS IN AXITAL DIRECTION

Takeyasu SUZUKI

Axisymmetric finite element analyses are conducted to evaluate the interaction be-
tween a shieled-driven tunnel and surface ground during earthquakes. The tunnel ele-
ment adopted in the earthquake response analysis should be an equivalent one which
represents incontinuous structure of the tunnel and the interaction effect between a
tunnel and its peripheral surface ground. Based on the analyses, the equivalent axial
rigidity for a shield-driven tunnel is presented, with the consideration of shear resistant
force of soil acting over the outer surface of the tunnel. In addition, the method to set
the constant of a spring connecting a tunnel element with surface ground is induced
from the finite element analyses. Finally. an example of earthquake response analysis is
shown, which suggests the importance of the presented methods in the earthquake re-

sistant evaluation.
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