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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.5 Finite element mesh for axisysmmetric deformation analyses
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Table 2 Material properties for ground used in finite element 5.0
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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 (= Dji/Dseg)

Fig.10 A schematic diagram for the spring model

£oT, 4.5) Y TS ORMKETIVERK L 2.
CDETWVICHEZBINEAERD D B ke 1, Y v
TRDXT AV bINADERTHEPH, 1) Y THD
INFER Keeg D 2HETULTRDEHICE X 5.
_(EA) e _
Lyeg/2
TN K 37 Ay b)Y TEMTFONSREROLL
& Keeg DFEE L TEH X, 1 Kis 13 a=0.074 & LK
(10) THZ 4. REFISHBEE b Y AV EFES A DE
by OREFZETH D05, &b EMUFFEMICL S
FIHfNT & & OSBRI & 2 i30T & T, TSRS
RESTVDLDT, WTORBES S b 2 VA
ENLD FEM BT OFERE L W0 —B T 5 L5,
RAPDOEMBERILD Koo/ Kjy BICEZTH 252
P 18| U g
ke=BGL

kseg 2KS¢E

Soil VS Kse /l(jt= 3.43 Kse /Kjt: 34.3 Kse /Kjt= 343
s e | [ oo Tiwattcn | Erm{speie. [ mtoad ] ., et [t
1 50 3.39 3.38 3.41 31.17 31.6 31.9 192.3 192.3 191.6
2 100 3.30 3.30 31432 25.6 25.4 25.7 78.9 79.3 78.8
3 150 3015 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 2. 40 2. 42 2.45 6.9 6.7 6.8 8.4 8.4 8.3
6 400 1.92 1.94 1. 96 4.1 4.0 4.0 4.6 4.6 4.5
7 500 1. 561 1.52 1.54 2.7 2.5 2.6 2.9 2.8 2.8
8 600 1.19 1.19 1.20 1.9 147 1.8 2.0 1.9 1.8
9 700 0.97 0.95 0. 96 8% | 1.3 1.3 1.4 1.3 1.3
10 800 0.79 0.77 0.71 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
= = = = = = = Table 5 Types of shield-driven tunnels
i Tunnel [ Outer [ Thickness [ Width [K . /K,
Type Dia. (m) (cm) (cm)
Segaent. * i<=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
< < < < < < <
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Table 6 Comparison on r values between finite element analyses and equation (12)

\'

Tunnel Type

Soil s
Type 1 2 3
/sec epy [(12)| @ an | a [Fd Ja2| «
1| 100 |25.625.7| 0.075 13.1| 0.086|15.6(16.3| 0.091
2 | 200 |13.1[13.2| 0.074 5.8 0.080| 4.7 5.3| 0.088
3 | 300 6.9| 6.8| 0.073 2.6 0.080| 1.9 2.1 0.084
XPAMES. Im, U1E27.5cmDY— VR by AV Y FlRed Y Y

Type 1 & L, 2SN Table 5 (284 29 4 7Dy —
WEBRYFNWIZONWT S FEM @2 M4 5 2 &1
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(): Shear Wave Velocity of Ground (m/sec)
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L ) = ake s ot :
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500 m
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A

Fig.12 Cross section of model ground for an earthquake response analysis

Table 7 Equivalent tensile rigidities and spring constants con-
necting between a tunnel and ground

soil | Vs (BD) gy Rt kgt

Type | (u/sec)| CASE-1 CASE-2 | (kgf/cm)
1| 100 |4 258x108 |5 700x 10% | 6. 662 104
2 | 300 |4 258x10% | 1920107 | 1. 140 108
3| 500 |4.258x108 | 4. 180x10% | 3.814x 108
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A STUDY ON THE EVALUATION OF EARTHQUAKE RESISTANCE OF
SHIELD-DRIVEN TUNNELS IN AXTAL 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.




