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JOB TITLE : Line B of the Metro of Tehran (=eizmic validsation]) (2137
FLAT (Version 8.00)
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-1 458E+01 =y= §.925E+00 -
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Full Slip No Slip
V max M max Tmax V max M max Tmax
(KN/m) (KNm/m) (KN/m) (KN/m) (KNm/m) (KN/m)
14.48 12.94 3.15 7.79 12.69 275.6 Flac®™®
13.712 3.098 13.712 283.3783 Wang, 1993
6.19 13.708 3.098 6.19 13.708 6.196 Penzien, 2000
13.718 3.099 13.48 283.39 Park at al, 2009
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Tmax 2.74 1.65 4348 1.65 2.74 1.61
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V max - - 20.5 133.9 - -
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JOB TITLE : Line & of the Metro of Tehran (seismic validation) [0
FLAC (Version 8.00)
LEGEND! - 0.4
2-Sep-17 1:59
step 19506
-1.075E+01 =x= 1.07T5E+01
-1 458E+01 =y= 6.925E+00 o
Liner Plat
.Axial Force on
|O.«m
| -o=m
|-1zm
tasca Consulting Group, Inc.
Minneapoliz, Minnesota USA, T T T T T
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JOB TITLE : Line & of the Metro of Tehran (seismic validation) (R
FLAC {(Version 8.00)
LEGEND - 0.4
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tasca Consulting Group, Inc.
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No Slip No Slip Full Slip No Slip Full Slip
Tmax 498.34 664.36 1428.7 498.37 1428.2
M max 3 3 3 14 31
V max - 2.9 2.9 ; ;
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Soil-Structure Interaction We have investigated the validation of different closed form solutions for seismic design of

Seismic Loading

- . circular tunnel lining. To this end, we have used the Tehran metro line 6 as a case study. The
Ovaling Deformation

finite difference commercial code (Flac2D) is used to simulate ovalling deformation due to
earthquake loads. The influence of the deformation on structural behavior of tunnel lining
under various ground conditions and soil-structure interactions is also evaluated. Obtained
results show that Penzien method calculates very low axial force under no slip condition.
However the axial load by Wang and Park methods is very near to the computed load by
numerical method. The validated numerical model is conducted to investigate the pseudo-
static design of circular tunnel lining under real ground- structure interaction

Introduction

Since Iran is located in high risk area which experienced the intensive earthquake, the seismic analysis of underground structures is
very important. There are presented some closed form solutions for seismic analysis of tunnel lining under full slip and no slip
conditions. To different results obtained from the analytical methods under no slip condition, there is necessary to conduct numerical
investigation for validation of the methods. Hashash et al. (2001), Sedarat et al. (2009), Park et al. (2009) and Do et al. (2015) have
conducted some research in this area.

Methodology and Approaches

In this research, the analytical solutions based on mathematical equations and numerical modeling based on finite difference equations
are conducted. To simulate the ground-structure interaction under no-slip, full slip and frictional conditions, the interface element is
used in numerical modeling. The constitutive model of ground and lining is considered by linear elastic behavior and the seismic load
is modeled by shear load at upper boundary of model. The induced inner traction in tunnel lining (axial force and moment) is
calculated by numerical model at different aforesaid conditions and compared by analytical results.

Results and Conclusions

The seismic analysis of circular tunnel lining of Tehran metro line 6 is conducted by numerical model and analytical solutions.
Obtained results show that the calculated axial load by Penzien method is not valid under no-slip condition. However, results of Park et
al. method in very close to numerical model under no-slip condition. Under full slip behavior, the results of three analytical methods
(Wang, Park and Penzien) are almost same and have certain difference with numerical model.
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