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Abstracts: Due to economic development and traffic congestion constraints, HCM City has implemented
urban railways since 2007 and is currently constructing the underground metro line No 01. So far, general
constructions and tunnel in particular in Vietnam is a complex issue, especially in the specific soft soil
conditions of Ho Chi Minh City. In order to study the behavior of the tunnel during the earthquake, this
paper compares an Imposed Seismic Ground Deformation method (ISGD) and the acceleration diagram
method in calculating the tunnel affected by the earthquake in soft soil of the area of Ho Chi Minh city.
Keywords: Seismic analysis, underground structure, Imposed Seismic Ground Deformation, acceleration
diagram, soft soil.

1. INTRODUCTION

The Ho Chi Minh city has the complicated geology that the depth of soft soil is distributed in the range
about 5 to 40 meters. Therefore, it is greatly ground displacements during the earthquake. When the
earthquake occurs from the bedrock, seismic waves propagating upwards from bedrock in the ground may
be cause deformation ground and underground constructions. In order to study the behevior between tunnel
and soil, there are three approaches at present:

The analytical method is the most traditional approach, the soil platform was seperated from structure
and replaced the equivalent earthquake load. Wang (1993) proposed this method and Penzien (1998)
developed a method considering the deformation of turnel and soil platform. However, this method apply
to calculate simply for one layer, isotropic, and uniformity.

The imposed seismic ground deformation method (ISGD) is the more improvement than the analytical
method which is considered interaction of turnel and platform following Hamada(1984), using the springs
to replace the interaction of structure and enviroment in model or inposing the deformation of soil platform
for model calculations. The advantage of this approach compute simply but not considering the behavior
of soil platform and turnel under earthquake load.

The Full dynamic method is considered the interaction of turnel and platform in details. This approach
is current a new development based on the numerial method with suporting the computer technology that
can solve the complex problems regarding the earthquake load conditions. However, the complex model
calulation depends on the number of research parameters and the accuracy of dividing nets used in the
calculation .

This study presents two calculating methods (The ISGD and full dynamic method) on the urban
underground contructions in the soft soil with complicated geology in Ho Chi Minh city.

2. CALCULATION OF EARTHQUAKE INFLUENCE ON THE TUNNEL USING
IMPOSED SEISMIC GROUND DEFORMATION METHOD - ISGD.

The influence of earthquake on tunnel and on-ground works is quite different. The loading capacity
affects on underground constructions through the displacement of the ground while the loading capacity
buiding on-ground by inertia force. According to ISDG method, with the seismic removes the ground
environment leading to the imposing on the movement to the boundary in order to identify deformation of
the structure. The way to identify the displacement of the ground is as follows:
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Deformation of ground on boundary is defined as:

u=—TS,10,) m
O‘)i
Where:
S. is the elastic response spectrum, it is determined based on Vietnamese standard TCVN 9386:2012;
{¢:} is the amplitude oscillation of soil corresponding to the i natural frequency of the circuit, and
T is the i coefficient of oscillation and is determined by the following the expression:

T, ={¢,} [MKd) 2)
Where:
{d}is the vector with di=1, used to transform the diagonal matrix [M] into a column matrix.
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Figure 1. Model of Ground Deformation to boundary

The amplitude oscillate of soil {¢i}, determined from the equation (3):
([(K1- oM} =0 3)

Where:

o is natural frequency of circuit; w>= A - the eigenvalues;

{®} is the eigenvectors;

[K], [M] are the stiffness matrix and mass matrix of the model.

To make the root for the equation (3), the determinant of the following matrix must be by 0.

[K]-o’[M] =0 4)

Solving the equation (4) will find N value of ?, it corresponds to the N mode of oscillatin of soil. And

¢11 ¢1N

then replace into the equation (3) in order to find [¢]= [¢1 ¢N]= ... ... |. Because of

¢N1 ¢NN
solving an equation (4) with degree of @’ is big, so it is so difficult in practice, the methods of cube

resolution are usually applied for equation resolution (3) to find both values of ®?and [¢].
The eigenvectors {¢} is orthogonal to the mass matrix according to the expression:

) IM1{g}=1 (5)
thus {p}' [K1{¢} = 0’ (6)

The methods are usually applied that are inversely iterative method, subspace iterative method and
method of Lanczos. Deriving from the mathematical methods, the author build the calculation software
based on the programming language Pascal named “Soil Column Vibration — SCV2015”. The program can
be used for calculating the deformation of ground in the case of earthquake and export the results of
displacement, velocity and acceleration at the height of ground soil levels.
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3. CALCULATION OF EARTHQUAKE INLUENCE ON THE TUNNEL USING THE
ACCELERATION DIAGRAM - FULL DYNAMIC METHOD.

Equation of motion differential of system under the effect of earthquake load [2]:

ol {i +leb i} Lt -1, o
Where:

{u} R {u} R {u} are the displacement, velocity and acceleration vector of the n element;
n n n

[M]n, [C]a, [K]n are the mass, damping and stiffness matrices of the n element;
{F}n is the nodal load vector of n™ element;
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Figure 2. Model calculating of tunnel affected by earthquake by the acceleration diagram

The matrices of elements [K]n, [M]n, {F}. are built in the local coordinate system of elements. To

build the full-system equations of motion, it is essential to change the equations of motion in the local

coordinate system of elements into the global coordinate system of elements by the movement coordinate

matrix and to use the direct stiffness methods to assemble the elements into the system then receive the full-
system equations of motion [2].

[M]{;:}+[E]{;}+[1—<]{u}: F ®

{u} ,{u},{u} are the displacement, velocity and acceleration vector of system;

[M1,[C],[K] are the mass, damping and stiffness matrices of the system in the coordinate system, and

{F} , 18 the external load vector of system in the coordinate system;

The mass matrix [M] is determined by the mass matrix of soil ground, water and structure; The
damping matrix [C] is difficult to be determined, especially in calculating a multi degree of freedom because
the damping data depends on the vibration frequencies of the system at the any points. Hence, in dynamics

calculation used the assumptions that the damping matrix |C ] is the linear combination of the mass matrix
[l\_/[] and the stiffness matrix [K] of the system by the two Rayleigh constants ar and Br as follow [2]:
[C=en[M]+pe[K] ©)
The two Rayleigh constants are related to the i and j™ natural frequency of the vibration soil medium,
i, ®;, These natural frequencies correspond to the damping ratios, &, &;:
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Usually, the impact of natural high frequency of the vibration soil medium on the value of the damping

ratio is negligible. Therefore, in calculation, the damping ratio may be considered the constant and depends
on the two lowest natural high frequencies of the vibration soil medium.

28
— 0w,
{G‘R}: (01+0)2 (11)
Br) |28
(X)l +(X)2

Besides, The two Rayleigh constants Oy,; may be determined in the simple method depending on
the damping ratio & as follows [5].

2 1
Or =§§, va By =§§ (12)
Znihi
_ 13
£ T (13)

Where: n; is the damping ratio of i soil layer, h; is the thickness of i soil layer and H is the total heigh
of soil layer.

On the boundary of calculation model, there are some connections and after applying the boundary
conditions into the system, the vectors and matrices of the system change to the following forms [M] -[M],

with

[EJ -[c], [K]-[K], {ﬁ} ={R} va {1_1} ={u}. The equation (8) becomes:

e+ [+ b = ) 14

When the material behavior is elasticity, the damping matrix [C] and the stiffness matrix [K] only
depend on the elastic module E and Poisson v coefficient. Therefore, matrices and vectors in equation (14)
do not change in all the calculating process. When the material behavior is inelasticity like as elastoplastic,
visco-elastic and visco-plastic behavior...., the stress depends on deformation, deformation depends on
displacement. Therefore the damping matrix [C] and the stiffness matrix [K] depend on the nodal

displacement vector follow as [K|=[K{u}], [C]=[C{u}].
In this case, the equation (14) will be rewritten as follows [2]:

i Lot + i} = 1) 19

When calculating the effects of earthquake by the acceleration diagram, the equation (15) becomes:
[M]{;:}+[c{u}]{;}+[1<{u}]{u}=[M]{;:} 16)
g

Where: {ij}g is the ground acceleration vector is made by earthquake on the bedrock.

Solving the equation of the structural system - the background (16) determines the displacement of
the element's nodes and uses the relations of the finite element method to calculate the internal force,
deformation and stress in each element. To solve the equation (16) using Newmark's direct integration
method combined with the Newton-Raphson iterative method is more effective in terms of simplicity,
stability and accuracy [2].
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4. NUMERICAL TRIAL ON COMPUTER
4.1. The ISGD Method

Initial data: Calculate the displacement on the vertical boundary of the model due to the effect of one-
dimensional shear wave in a multi-layer environment with a depth of H=50m. The parameters of soil medium
with multiple layers on bedrock are given in table 1. The Ground acceleration at the roundabout Phu Lam

-district 6 — Ho Chi Minh city (Follow the instruction of the standard TCVN 9386:2012) is a; = 0,07g [4]
with elastic response spectrum for ground soil D class.

Table 1. Parameters of soil medium with multiple layers on bedrock

Thickness Parameters
Layers (m) Heigh of Unit weight Elastic modulus Poisson’s Damping
Subsoil h; (m) (kN) (kPa) ratio ratio
Layer F 2 1 19,42 44.200 0,4 0,3
Layer 1b 3,5 1 19,03 208.000 0,4 0,3
Layer 1 9,5 1 14,76 36.100 0,4 0,3
Layer 1b 9,5 1 19,03 208.000 0,4 0,3
Layer 2 4,5 1 19,07 399.000 0,4 0,3
Layer 2a 5,5 1 18,91 818.000 0,4 0,3
Layer 3 13 1 19,99 569.000 0,4 0,3
Layer 4 2,5 1 20,07 767.000 0,4 0,3

Using the Soil Column Vibration - SCV 2015 V1.0 program to determine the velocity, acceleration
and displacement corresponding to each location of the soil layer in the following figure 3.
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Figure 3. Graph of acceleration, velocity and displacement in depth of soil columns on hard ground

from the SCV-2015 program.

Numerical modeling: Figure 4 show the 2D model of the rectangular underground structure placed

in a multi-layer soil medium in Plaxis program. Displacement of the background was defined above (Figure
3) is placed on the boundary of a model to determine the deformation, internal force of the structure. When
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calculating, assumption that: Behavior of material tunnel is linear elastic; The soil medium is modeled as
an elastoplastic, the mechanical and physical properties of the subsoil change in every layer but do not
change in a layer; Displacement and deformation at any point of the structural - environmental system is
minor.

The rectangle tunnel has BxH = 20mx6m, the depth of the top and bottom slab is 1 m, depth of wall
is 0,8m. The concrete of tunnel lining has E=3,5x107 kPa and the Poisson’s ratio v=10,2.

+_ Horizontal
displacement

Tunnel

z=-50m

Figure 4. View of modeling in Plaxis

The results of the ISGD method: Based on input data and using Plaxis software version 2010.01
(code DP111208 - f12a2cfd - 6¢8134¢0), the internal forces - time diagram and maximum displacement of
the lining was deterlru;gaed as shown in Figure 5 to Figure 8.
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Figure 5. Bending moments of tunnel lining
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Figure 6. Shear forces of tunnel lining

Gt Varmion 2010 1.0 5380

&
Ll

= ._
(| |||

(AT I T

&

#

g

|
f
=

& =
Ll

Mxial forces M {scaled up 500710~ times)

Tl mumm waiiie = <342, kM {Element 26 al Node 4185)

Bl walue = 2272 Khdm (E lement 37 o Node 38022)

PLAXIS |5 Notiame> N 1410012015

HCN E:V 0,07g ) Vien Ky Thuat Cong Trinh Dac Biet

Figure 7. Axial forces of tunnel lining
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Figure 8. Total displacements of tunnel lining

4.2. The acceleration diagram - Full dynamic method.

Initial data:

In order to analyze the tunnel - soil model by the acceleration diagram method, there should be the
accelerometer data of the design area but in fact it is difficult to have it. Therefore, the need is to create the
made-up (man-made) band of the ground acceleration in order to calculate the design. Man-made
acceleration diagram with can be created based on the adjustment of the real acceleration diagrams that is
recorded by the global physicists at the earthquake areas which has similar characteristics of ground data
as proposed designation areas with the ratio of the data area.

Using the methods of real acceleration diagram ratio to create the man-made acceleration diagram is
built on the foundation that is only different from the value of respective amplitude with the same frequency.
That means the amplitude of the Fourier chain of the real time function (nature) is adjusted while the phase
of Fourier chain is maintained unchanged [3]. The way to create this new time function is based on the
joint with the integrated response spectrum in the frequency range using the real time function in order to
build the new time function that is suitable for the target response spectrum. The time function is collected
in the frequency range because the response spectrum ratio with the target response spectrum. The execute
process is repeated until to collect the best reaction frequency range with the target spectrum function
(Fahjan va Ozdemir, 2008) [3]. The analyzed process is repeated as follows:

- Choose the real time function relative to the design area need rate;

- Identify the target response spectrum function according to the designed standard TCVN 9386:2012;

- To calculate the response spectrum function of the real time function above, we use the damping
ratio of the target response spectrum function.

- The ratio between the real time function and the target response spectrum function is calculated, o,
as follows [3]:

GREAL
o= W (17)
a

- Transform this ratio to the frequency domain, the amplitude of Fourier spectrum is multiple to ratio

coefficient a;
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- The new time function is identified from the Fourier spectrum multiple to the ratio and inverse Fourier
transform.
Numerical modeling: Numerical simulation data are taken as for the ISGD method above.
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Figure 10. Bending moments at top and bottom of tunnel lining
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The results of the acceleration diagram: From the real acceleration function of the same area
measured (Figure 9a), proceed to determine the artificial acceleration in the above sequence (Figure 9b)
using Excel software and place it at the bottom of the computational model (Figure 9c). Perform a model
analysis using Plaxis software, the internal forces - time diagram and maximum displacement of the lining
was determined as shown in Figure 10 to Figure 13.

Owtpet Version 2010 1 0 6380

Chart?

—=- Bhh h?m
- Dayhm

Qx/m]

0 2 + . ‘; - = "
Dynamic. time [5]
Q 6k635 ’T:!IOQIZN 5
P L A X I S GA VX PHU LAM 6K635 ‘3’007 r\Tl;l-! Ky Thuat Cong Trinh Dac Biet

Figure 11. Shear forces at top and bottom of tunnel lining
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Figure 12. Axial forces top and bottom of tunnel lining
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- Incremental displacements |Au| (scaled up 1,00°10° times)
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Figure 13. Total displacements of tunnel lining
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Figure 14. The acceleration at the bedrock (Blue) and on the ground (Red)
Results obtained from these two methods are presented in Table 2.
Table 2. Result internal forces in the lining.
. The Effect of sliding Nimax Qumax Mimax
Anal 1 method .
nalytical methods between lining and ground (kN) (kN) (kN.m)
No slip 2.269,8 1.138,4 1.622,4
The ISGD method
Full slip 22724 1.141,2 1.634,1
No slip 2.278,7 1.146,4 1.665,2
The full dynamic method
Rine=0,7 2.281,3 1.147,9 1.679,4
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5. CONCLUSIONS

The acceleration of the ground due to earthquake is amplified in soft soil layers (figure 14), the peak
acceleration at the bedrock, ax = 0,858 m/s? at t =2,375s; on the ground surface after transfer from the
bedrock at t = 5,270s with the peak acceleration is ax=1,168 m/s>.

The results of calculations in the both methods are similar, however the ISGD method is the static
method so cannot reflect the behavior of the underground works in term of time.

The Full dynamic method describes the behavior of the tunnel lining in term of time. In the condition
cannot measure the real acceleration function, it can be created man-made ground acceleration function
with the above method.

Calculating for the case of model above with the most popular laptops today, it takes about 1 hour to
calculate by ISGD method while the calculation method B is 8 hours.

Recommendation: The ISGD method should be used to calculate the design in the fact to save time;
The full dynamics method should be used to research and analysis behavior of the structures in term of
time.
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NGHIEN CUU SU'LAM VIEC CUADUONG HAM TRONG PAT YEU CHIU TAC
DUNG CUA PONG PAT TAI THANH PHO HO CHi MINH

Téom tit: Do nhu cau phat trién kinh té va han ché un tic giao thong, Tp. HCM da trlen khai dy an duong
st d6 thi thanh phd Ho Chi Minh tir nim 2007 va hién dang xay dung tuyén tau dién ngam s6 01. Cho dén
nay, cac cong trinh ngdm noi chung va duong ham ndi riéng & Viét Nam 1a mot van dé phure tap, dic biét
trong diéu kién dét yéu ctia Thanh phd Ho Chi Minh. Dé nghién ciru g xir ctia dudng ham trong qua trinh
chiu dong dt, bai bao trinh bay so sanh Phwong phap dit bién dang nén cudng buc vao bién hay phuong
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