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Abstract

Calculating earthquake-resistant underground structures is becoming more and more
important in general design, many civil structures in the field of constructions over the
world have used different tools to calculate this problem. However, among of them, there
are few publications which are interested in the influence of the distance between the two
tunnels on the internal forces occurring in the tunnel linings. On the basis of using the
commercial software Plaxis, the input data is the acceleration graph generated under the
condition of matching the response spectrum in accordance with the conditions in Hanoi. This
is done by computing with models in case of the distance between the two tunnels increases.
The results show a significant influence of the distance between the two tunnels, when their
distance is less than 3 times the tunnel diameter, this effect will decrease in case of the
larger distance.
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1. Introduction

The metro line is an important component of the future urban transport system.
The full dynamic analysis of tunnel structures under seismic loads has also been studied
by many authors. Numerical analysis techniques have been used in many documents
recently. Authors have used numerical simulations to calculate some types of tunnel
structures subjected to seismic loads [1-5]. Although the current metro lines mainly use
the double tunnel solution, but most of the current studies have not evaluated the effect
of the distance between the tunnels on the change of the internal forces in linings.
Therefore, in this article, the influence of tunnel distance on the internal forces induced
in the tunnel structure are investigated.

2. Numerical analysis model for twin tunnels subjected to earthquakes
To further investigate the influence of the distance between the two tunnels on the

internal force of the tunnel when subjected to earthquakes from the dynamic point of

view and compare the variation of the tunnel's internal force with the static problem, the
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author investigates the problems with the change of distance between two tunnels (L)
from 1 D to 5 D with a survey step of 0.5 D, where D is the diameter of a tunnel.
Because the tunnel length is much larger than the other dimensions, it is assumed that
the structure modeling is plane strain. The model is built by the Plaxis software, the
boundary conditions are absorbent boundary [6], the model is shown in Figure 1.

Figure 1. Numerical modeling under earthquake impaction for twin tunnels.

2.1. Soil properties
Geology from the ground level to the bottom has a thickness of 60 m and is
assumed to be homogeneous. The specific parameters of soil are given in Table 1.
Ground surrounding medium the tunnel is simulated as 15-nodes triangle elements and
the Hardening Soil (HS) model is adopted. The depth of underground water is 5 m from
the ground surface.
Table 1. Parameters of soil

Row Parameters Denote Value
1 Model materials - HS
2 Saturated density (kN/m?) Yeat 18
3 Natural density (kN/m?) Vunsat 17
4 Oed-stiffness modulus(kN/m?) Ef o 5,100
5 Secant stiffness modulus (kN/m?) E*f, 5100
6 Load-unloading Modulus (kN/m?) E™, 1.53E+04
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Row Parameters Denote Value
7 Poisson's coefficient v 0.3
8 Cohesion force (KN/m?) c 55
9 Internal friction angle (°) [0) 20
10 Interactive coefficient Rinter 0.8

2.2. Properties of segmental tunnel linings

The tunnel is placed at the depth of 25 m from the ground surface. Model of
segmental tunnel structure material is assumed to be homogeneous and satisfy the linear

elastic model, cross-section features of tunnel linings are shown in Table 2.

Table 2. Parameters for the tunnel structure

No. Parameters Symbol Values Units
1 Tunnel diameter (inner/outer) Din/Dout 5.7/6.3 m
2 Modulus of elasticity of concrete lining = 2.5E+7 kPa
3 | Poisson's coefficient of concrete lining v 0.15
4 | Thickness of lining t 0.30 m
5 | Width of the tunnel lining b 1.0 m

Model of twin tunnels with 2-dimension plane strain model in Plaxis software can
be shown in Figure 2.

Figure 2. The mesh of 2D plane strain model in Plaxis software.
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2.3. Input acceleration

An artificial acceleration installed on the bed rock which is randomly and
generated by PGO02 program [7] based on Yamamoto method [8], corrected for
matching response spectrum condition with target response spectrum determined
according to TCVN 9386-2012 [9]. The input parameters for generating artificial
acceleration diagrams are determined base on the conditions in Ba Dinh district, Hanoi
city as follows:

- Soil layer: Type A;

- The average shear wave velocity, vs= 800 m/s;

- Reference peak acceleration, agr = 0.0976 g;

- The fault is the Red River - Song Chay earthquake zone including: seismic
magnitude My, = 6.5; focal depth Rny, = 17 km; distance from the survey point to the
epicenter Ryyp = 50 km.

Program PGO02 is used with the above input data to generate the artificial
acceleration diagram randomly. In this study, the diagram badinh01-03a is selected [7].
The acceleration diagram is shown in figures 3 and 4.
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Figure 3. Response spectrum of acceleration badinh01-03a.
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Figure 4. Acceleration bd01-03a.

3. Results

The maximum values of internal forces (bending moment, shear force and normal
force in linings) are shown in Table 3 (x is distance between two tunnels, A (%) is the
difference by percentage).

The results of internal forces in the table 3 allow to obtain the relationship
between the maximum values of bending moment, shear forces and the normal forces
with the distance between the two tunnels. The results are shown in figures 5, 6, and 7.
Through the calculation results, it can be seen that, when subjected to earthquakes, the
maximum internal force (bending moment and shear) appearing in the two tunnels (left
and right) has a difference, this can explained by the asymmetry of the applied load.
However, it can be seen from Table 3 that the difference is not large (about 5%) and can
be ignored in the calculation and design process.

Table 3. Maximum values of internal forces

Mnax (KNM/m) Qmax (KN/m) Nimax (KN/m)

X - _ :
Left | Right Left Right Left | Right
tunnel | tunnel A (%) unnel tunnel A (%) tunnel | tunnel A (%)

1.0D | 251.58 | 24495 | 2.64 | 164.41 168.8 2.67 | -1040 | -1050 | 0.96

15D | 23518 | 226.6 | 3.65 | 152.99 158.63 3.69 | -1030 | -1030 | 0.00

20D | 227.16 | 21738 | 431 | 147.15 153.38 423 | -1020 | -1030 | 0.98

25D | 221.86 | 21291 | 4.03 | 144.15 149.62 3.79 | -1020 | -1020 | 0.00

3.0D | 218.64 | 210.36 | 3.79 | 14243 147.45 3.52 | -1020 | -1020 | 0.00

3.5D | 216.83 | 208.78 | 3.71 | 1414 146.22 3.41 | -1020 | -1020 | 0.00

40D | 216.35 | 207.59 | 4.05 | 140.59 146.04 3.88 | -1020 | -1020 | 0.00

45D | 216.79 | 206.12 | 4.92 | 139.47 146.08 474 | -1020 | -1020 | 0.00

50D | 217.16 | 205.08 | 5.59 | 138.82 146.39 545 | -1020 | -1020 | 0.00
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Figure 5. The relationship between the maximum bending moment and the distance of twin tunnels.
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Figure 6. The relationship between the maximum values of shear force and the distance of twin tunnels.
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Figure 7. The relationship between the maximum normal force and the distance of twin tunnels.
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To evaluate the results of internal forces, the calculation method of underground
works subjected to earthquakes by the quasi-static method (ISGD) and by the dynamic
method (full dynamic), the following parameters have been selected: The inputs are
specifically soil model parameters, the tunnel parameters and the calculated model size
which are the same for the two methods. Calculation results for the right tunnel obtained
from the two methods are shown in Table 4 and figures 8, 9, and 10.

Table 4. The maximum values of internal forces (in the right tunnel)

Distance ISGD Full dynamic
between
tWO Nmax Qmax Mmax Nmax Qmax Mmax
tunnels | (KNfm) | (kN/m) | (kNm/m) | (KN/m) (KN/m) | (kNm/m)
1D -1050 168.68 253.12 -1040 168.8 244.95
15D -1030 158.36 236 -1030 158.63 226.6
2D -1030 153.6 228.01 -1020 153.38 217.38
2.5D -1020 150.51 223.17 -1020 149.62 212.91
3D -1020 149.08 220.78 -1020 147.45 210.36
3.5D -1020 148.24 219.41 -1020 146.22 208.78
4D -1020 147.75 218.64 -1020 146.04 207.59
45D -1020 147.56 2183 -1020 146.08 206.12
5D -1020 147.5 209.24 -1020 146.39 205.03
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Figure 8. Comparison of the maximum bending moments in the tunnel structure (right tunnel)
with other distance of twin tunnels.
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Figure 9. Comparison of the maximum shear forces in the tunnel structure (right tunnel)
with other distance of twin tunnels.
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Figure 10. Comparison of the maximum normal force in the tunnel structure (right tunnel)
and the distance of twin tunnels.

It can be shown from the charts 8, 9, 10 that, when the environment is
homogeneous, the internal forces appearing in the tunnel lining calculated by the two
methods of ISGD and the full dynamic are not significantly different. In particular, the
ISGD method gives bigger internal forces (in the range of 5 - 10% for bending
moment). Therefore, in practice, this method can be used to calculate and preliminary
design the structure of tunnel.
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4. Conclusion
Based on the obtained results in this study, some conclusions can be drawn as follows:

When increasing the distance between the two tunnels, the internal forces in the
tunnel linings will decrease. Especially, when the distance between the two tunnels
increases from 1D to 3D, the internal forces in the tunnel lining will decrease
significantly. Specifically, the maximum bending moment value Mpmay in the tunnel
lining decreases by 13.1%, the maximum shear force Qmax is reduced 11.4%; In other
case, if the distance between the two tunnels increases from 3D to 5D, the maximum
bending moment Mpax and the maximum shear force Qmax in the tunnel lining decrease
at the same time insignificantly, 2.5% and 0.72%, respectively. In other words, when
the distance between the two tunnels is greater than 3D, the interaction influence
between the two tunnels is insignificant.

As for the maximum value of normal force Npax in the tunnel lining, the tunnel
distance has an insignificant influence, especially when the distance between two
tunnels is greater than 2D.

Furthermore, the comparison results of two calculation methods (ISGD and full
dynamic) show that the values of internal forces received by ISGD method will be
larger than those of full dynamic method. However, this difference is not large.
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ANH HUONG CUA KHOANG CACH GIUA HAI NHANH
CUA HAM DOI BEN NOI LUC XUAT HIEN TRONG KET CAU HAM
KHI CHIU TAC DUNG CUA BONG DAT

Vii Ngoc Anh? Cao Chu Quang? Pinh Viét Thanh?® Nguyén Vin bua®
4Truong Pai hoc Ky thudr Lé Quy Pén

T6m tdt: Tinh toan cong trinh ngam chju déng dat dang ngay cang tré thanh vdn dé quan
trong trong cong tac thiét ké néi chung, nhiéu cdng trinh trén thé gidi da siz dung cac cong cu
khéc nhau @é tinh toan két cdu dang ndy. Tuy nhién, trong so dé, con cé it cong bé quan tam
dén viéc anh hirong cua khoang cach giita hai dieong ham dén ngi luc xuat hién trong vé ham.
Trén co s¢ sir dung phan mém thwong pham Plaxis, so liéu dau vao 1a gidn do gia toc dwoc phét
sinh theo diéu kién khop phé phan ing phu hep véi diéu kién tai Ha Ngi, nhom tac gia da khao
sat, tinh toan anh hwong ndy bang cach tinh todn véi cac mé hinh c6 khodng céch giia hai
dwong ham tang dan. Két qua cho thdy anh hieong ding ké khi khodng cdch dwong ham nho
hon 3 lan dwong Kinh Va dnh huéng it hon khi khodang cach nay ting lén.

Tir khoa: Phén tich dong luc hoc; gian d6 gia téc nhan tao; duong ham doi; md phong
s6; duong ham dat ndng.
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