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Abstract

Dynamic analysis of the tunnel affected by earthquakes requires the input are accelerations
suitable for seismic conditions in the survey area. Hanoi city is the area where many tunnels
are being built, but earthquakes in the past were not recorded, so the data of supply
problems is limited. It is necessary to use artificial acceleration. One of the most widely
used methods of creating artificial ground acceleration is the method of directly correcting
available acceleration records according to spectral matching conditions. Base on this
approach, the authors built PG01 program on Matlab language to generate the artificial
acceleration. In this paper, the program PGO1 will be used to create artificial ground
acceleration which matching the response spectrum in Ba Dinh district, Hanoi city
according to National Standard of Vietnam TCVN 9386-2012 with 3 different records.
Take the obtained ground acceleration as input in to practice calculations the typical tunnel
structure of the project Metro line No.3 (Nhon - Hanoi Station) using Plaxis2D program.

Keywords: Underground structure; seismic design; spectral matching; time-history analyses; wavelet.

1. Introduction

Metro lines are an integral part of the infrastructure of modern society. They are
built in the areas subject to earthquake activities and must withstand both seismic and
static loading. Some tunnels in fact have experienced significant damage in recent large
earthquakes. Earthquake effects on underground structures can be grouped into two
categories: ground shaking, ground failure such as liquefaction, fault displacement, and
slope instability. Ground shaking refers to the ground motion or acceleration. In
performance-based earthquake engineering for tunnel, a large number of ground-motion
time histories are needed for analyzing the dynamic response of structures. Spectral
matching procedure is an approach to create a time history (acceleration), which
compatibles with a target response spectrum.

In Vietnam, studies of tunnels during an earthquake were also studied by the
authors. The author Do Ngoc Anh (2016) [1] used numerical simulations to survey
some types of tunnel structures subjected to seismic loads of the earthquakes. The
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author Le Bao Quoc (2015) [2] used the Plaxis 2D program to calculate the tunnel
structure under geological conditions in Ho Chi Minh City,...

In the world, the full dynamic analysis of tunnel structures under seismic loads
has also been studied by many authors. The recently common trend is to use numerical
analysis techniques. Brinkgreve R.B.J. and Broere W. (2006) [5] has instructed to use
Plaxis 2D software to analyze underground structures affected by earthquakes. The
authors Kontoe et al (2008) [8] presented a case study of the Bolu highway twin tunnels,
which experienced extensive damage during the 1999 Duzce earthquake in Turkey, in
this study, static and dynamic plane-strain finite element (FE) analyses were undertaken
to investigate the seismic tunnel response at two sections and to compare the results
with the post-earthquake field observations,... But they have not paid attention and
given an appropriate acceleration spectrum. Therefore, the study of stability calculations
for this work is the need for further in-depth studies.

2. Theoretical foundations for generating the artificial acceleration
accordance with National Standard of Vietnam TCVN 9386-2012 by
using response spectral matching producer

2.1. General theory of methods of generating the artificial acceleration from existing
records under response spectrum matching conditions

When designing works according to design standards, background acceleration
records are suitable for each seismic region. The input acceleration is a function of time
and denoted by a(t), the response spectrum for the acceleration a(t) is denoted as Sa;
target response spectrum is denoted as: Satk; response spectrum gap: ASa = Satk— Sa.
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Figure 1. Respone and target spectrum of acceleration.
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The problem is to find the function of representing the background acceleration
over time in accordance with the rule of the input acceleration function and the response
spectrum (Sa) close to the design target response spectrum (Satk).

The chosen method to solve this problem is to add a time function da(t) which is
the sum of the basic Wavelet functions and have the response spectrum closest to the
response spectrum gap ASa.

The author has built the PGO1 program based on Matlab language to help create
acceleration matching the target response spectrum by adjusting an existing
acceleration.

2.2. The target response spectrum parameters according to National Standard of
Vietham TCVN 9386-2012

In National Standard of Vietnam [4] the response spectrum Satk(T) can be
described as Fig. 2 and determined by following formulas:

0<T STB:SaTK(T)=agS{l+Tl(n-2,5—1)} (2.1)

B

T, <T <T,:S;(T)=a,-S-7-2,5 (2.2)

} (2.3)
T,

} (2.4)

T.<T sTD:SaTK(T):ag-S-n-z,S[?C
T
T,<T<4s:S,,(T)=a,-S-n- 25[ =5

where Satk(T) - elastic respone spectrum; T - the duration of single freedom;
ag - acceleration design for A type of ground (ag = y1.agr); Ts, Tc, Tp - the limited
duration; S - the cofficient of the ground conditon; 7 - the cofficient relation to the
damping ratio, 7 =1 when &= 5%.

Table 1. The cofficient S, Ts, Tc, To [4]

Ground type S Ts(s) Tc(s) To(s)
A 1 0,15 0,4 2
B 1,2 0,15 0,5 2
C 1,15 0,2 0,6 2
D 1,35 0,2 0,8 2
E 14 0,15 0,5 2
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Figure 2. Response spectrum by TCVN 9386-2012 [4].

3. Numerical experiment PGO1 program to create new acceleration
according to response spectrum matching conditions

3.1. Input parameters for calibration by PG01

The National Standard of Vietham TCVN 9386-2012 [4] required the minimum
number of 3 artificial acceleration in the calculation. Proceeding with the scheme of
artificial accelerometer based on the spectral matching condition by PGO1 program in
accordance with the conditions of Hanoi city.

For Hanoi city area, the results of the Geophysical Research Institute are
presented in [3], which can be used the input ground acceleration as the record of
ground acceleration in some areas where the characteristics of earthquake source
structure and similar conditions, including:

- Record Dien Bien earthquake in 19/02/2001, Ms = 5,3; Rnyp = 12 km, Dien Bien
station, Rrp = 19 km, PGA = 88,4 cm/s2.

- Record 321 Campano Lucano earthquake (ltaly) in 16/01/1981, Ms = 5,0;
Rnyp = 15 km at Lioni - Macello station (Italy), Rrp = 8km. PGA = 63,6 cm/ s2.

- Record ca064 Lang Cang earthquake (China) in 27/11/1988; Ms
Rhyp = 12 km. Station: YNBB0003 (China), Rrup = 13 km. PGA= 105 cm/s?.
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Figure 3. Ground motion record Dien Bien earthquake in 19/02/2001.
84



Journal of Science and Technique — ISSN 1859-0209

80 T T T T T T T T
60—
401

20~

acc(cm/s2)

0 "‘|
20—

40

-60 r r r r r r r r

0 5 10 15 20 time(s) 25 30 35 40

Figure 4. Ground motion record of Campano Lucano earthquake in 16/01/1981.
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Figure 5. Ground motion record ca064 of Lang Cang earthquake in 27/11/1998.

16

Using the PGO1 program in accordance with the type C with conditions of

Ba Dinh district, the input parameters are:

- Maximum ground acceleration agmax = 0,0976g;
- Period parameters: Tg = 0,2(s); Tc=0,6(s); To= 2(s).

3.2. Results of acceleration modified by PG01 program

Performing adjusting of each input ground acceleration band according

to the

response spectrum matching conditions by PGO1 program with the input parameters as
defined above, are obtained 3 new acceleration diagrams respectively. The response
spectrum is close to the required response spectrum. These acceleration diagrams are
denoted as BaDinh_01C, BaDinh_02C and BaDinh_03C and presented in Figures
summarizing the results of pre- and post-calibration acceleration are shown in Tabl

61to 11,
e2.
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Figure 6. Results adjusting response spectrum for Dien Bien acceleration
using PG01 program (BaDinh_01C).
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Figure 7. Original and modified acceleration with Dien Bien earthquake (BaDinh_01C).
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Figure 8. Results adjusting response spectrum for Campano Lucano acceleration

using PG01 program (BaDinh_02C).
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Figure 9. Original and modified acceleration with Campano Lucano earthquake
(BaDinh_02C).
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Figure 10. Results adjusting response spectrum for Lang Cang acceleration
using PG01 program (BaDinh_03C).
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Figure 11. Original and modified acceleration with Lang Cang earthquake (BaDinh_03C).

Comment: From figures 6, 8 and 10, we can see that the modified results for the
three original acceleration according to the response spectrum matching conditions by
the PGO1 program all response spectrum lines close to the response spectrum according
to the National Standard of Vietnam TCVN 9386-2012 [4].

87



Section on Special Construction Engineering

Table 2. The cofficient S, Tg, Tc, To [4]

Row Raw Acceleration Ms | Riyp | Rrup Artificial Acceleration (output)
(input) (km) | (km) Peak Denote as
(cm/s?)

Record Dien Bien .
1 earthquake in 19/02/2001 53| 12 19 146 BaDinh_01C

Record 321 Campano

Lucano earthquake 50| 15 | 8 110 BaDinh_02C

Record ca064 Lang Cang

6,3 | 12 13 151 BaDinh_03C
earthquake _

4. Numerical example

In order to calculate the underground works impacted by earthquakes, in the
research using the structural analysis program by Plaxis software. Which widely is
applied in the world to analyze the problems of underground works subject under
dynamic loads in general and earthquakes. Plaxis software was built basing on the Finite
Element Method (FEM) and has many advantages to investigate the soil-structure
interaction problems. The model for a single in the soil can be related in [1].

4.1. Modelling in Plaxis

Using 03 accelerations created from PGO1 program to calculate the typical linings
structure of the project in the Urban Railway (Metro) project No.3, Nhon-Hanoi Station,
the underground section of the route between S9 and S10 is located at center of Ba Dinh
district (plan as in Figure 12).

In fact, the length of tunnel is larger much more than the other dimensions. Hence,
it is assumed that the structure performs as the plane strain problem. In the types of
waves that form and propagate in soft ground due to the oscillation of the original bed
rock layer, only the impact of shear waves on underground structures is considered.

In the calculation, the following assumptions should be applied:

- Structural and ground surrounding in terms of plane strain case;

- The boundary conditions of the circumference of the surveyed area, the left and
right sides, are described as the non-reflective wave absorption band;

- The effects of earthquakes only consider the shear waves transmitted from the
bedrock and have the propagation direction perpendicular to the horizontal ground and
are modeled by the acceleration of forced displacement at the bedrock;

- Materials of structure working in the elastic phase;
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- The ground is as elastic-plastic medium, the mechanical properties of the
foundation vary by layer but within a layer are considered constant;

- Transposition and deformation at any point of the structure-environment system
is small, so it does not consider the geometric nonlinear problem.
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Figure 12. Plan of Metro line number 3 in Hanoi City.

The model of the structure material is assumed to be homogeneous and satisfies
the linear elastic model, the hypothetical characteristics as shown in Table 3 below:

Table 3. Table of parameters of tunnel structure

Row Parameters Values Units
1 Tunnel diameter (inner/outer) 6.0/6.6 m
2 Modulus of elasticity of tunnel concrete 3.5E+7 kPa
3 Poisson's coefficient for concrete 0.2
4 The coefficient considers the interaction of the tunnel 0.7

structure and ground surrounding, Rint

The geological conditions of the construction site in Ba Dinh district in the project
number 3 lines can be seen in Table 4. The rock layer above the bedrock consists of 6
different soil layers, the specific parameters of each layers are given in Table 4.

Table 4. Table of parameters of soil layers

LAYERS
Row PARAMETERS DENOTE
1 2 3 4 5 6
1 | Layer thickness (m) 2,5 15 2,8 15,2 10,6 13,9
2 Model materials Model MC MC MC MC MC MC
3 | Natural density (g/cm3) Y 1,5 1,68 1,94 20 21 23
4 Poisson's coefficient v 0,3 0,4 0,32 0,3 0,3 0,28
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LAYERS
Row PARAMETERS DENOTE
1 2 3 4 5 6
Modulus of elasticity of
5 materials (kN/m?) Eret 4000 | 2700 | 4800 | 1I7E+04 | 418E+04 | 712E+04
6 | Cohesion force (kN/m?) C 5 10 25,1 20 25 40
7 | Internal friction angle (°) o) 20 6 16 25 30 40
8 | Interactive coefficient Rinter 1 1 1 1 1 1
9 | Plasticity index of the soil Pl 4,6 34 10.9 34 20 34
10 | Parameter Ko whensolving | -\ o | oems | opis | oste | o7 0718 0733
according to MC

Based on structural data and engineering geological conditions, in the research are
used Plaxis 8.2 software and standard boundary conditions for earthquake. Ground
surrounding medium the tunnel is simulated as element 15-button triangle elements. The
result of model in Plaxis 8.2 can be shown in Figure 13.
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Figure 13. Element mesh of the model in Plaxis.

The basic acceleration to analysis consists of 3 artificial ground accelerations from
BaDinh_01C, BaDinh_02C, BaDinh_03C, which received from above calculation.

4.2. Analysis results

By the dynamic analysis with the calculation steps in case of 3 artificial
accelerations of BaDinh_01C, BaDinh_02C, BaDinh_03C can be received the results
peak of bending moments, normal forces and shear forces as in figures 15-17. In
particular, the points on the tunnel lining are conventional as shown in Figure 14 below.
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Figure 14. Conventional numbering points on the tunnel lining.
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Figure 15. Survey results peak of bending moment for 3 load cases
BaDinh_01C, BaDinh_02C, BaDinh_03C.
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Figure 16. Survey results peak of shear force for 3 cases of load:
BaDinh_01C, BaDinh_02C, BaDinh_03C.
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Figure 17. Survey results peak of normal force for 3 cases of load:
BaDinh_01C, BaDinh_02C, BaDinh_03C.
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From the diagram of internal force peak (bending moment, normal force and shear

force), the maximum internal force components can be listed as shown in Table 5.

Table 5. Summary of survey results of maximum internal force components

TT | The maximum values BaDinh_01C BaDinh_02C BaDinh_03C | Unit
of internal forces (agmax=146cm/s?) (agmax=110cm/s?) | (agma=151cm/s?)
1 | Maximum bending 409,99 319,99 317,13 | kNm
2 | Maximum shear force 183,43 140,14 135,67 kN
3 | Maximum normal force 1206,50 1159,98 1154,81 kN

5. Conclusion and discussion

By above researches can be recieved some conclusion such as:

- Although the acceleration of BaDinh_02C and BaDinh_03C has a relatively
high peak values, the internal forces results of the two cases of BaDinh_02C and
BaDinh_03C are not significantly different;

- Although the acceleration of base BaDinh_01C and BaDinh 03C has a
negligible peak values, the internal force results of case 1 are significantly bigger than
case 3, respectively 22,65% for bending moment; 26,04% for shear force and 4,28% for
normal force.

And therefore, it can be seen that the peak acceleration values are not the only
factor that affect on the internal strength of the structure but also must pay special
attention to the distribution of energy according to different frequencies.
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TINH TOAN KET CAU CONG TRINH NGAM CHIU TAI TRONG
PONG PAT TREN CO SO TAO GIA TOC NEN NHAN TAO AP DUNG
TINH TOAN TAIl KHU VUC THANH PHO HA NOI

Tom tat: Bai todn phdn tich déng luc hoc céng trinh ngam chju tac dung cia dong dat
doi héi can c6 dau vao 1a gian do gia toc nén phl hop véi diéu kién dia chdn tai khu viec khao
s&t. Thanh phé Ha Ngi 1a khu vie dang tién hanh xay ding nhiéu cdng trinh ngam dé thi chiea
ghi nhdn céc tran déng dat 1é6n nén sé lidu cung cho c&c bai toan con han ché, do dé can phdi
sir dung céc gian do gia tac nhan tgo. Mét trong nhitng phuong phdp tao gidn do gia téc nén
nhan tao dwrgc &p dung réng rai trén thé gidi la phiong phdp hiéu chinh truc tiép cac ban ghi
gia toc nén co sdan theo diéu kién khép phé phdn iéng. Dira trén cach tiép cdn nay, nhom tac gida
dd xdy dung chicong trinh PGOI trén nén ngbn ngiz Matlab nham ti déng phéat gia téc nén nhan
tgo. Trong bai bao ndy, nhém tac gid sé sir dung chirong trinh PGOI dé tao gia toc nén nhan
tao khép véi phé phdn img diéu kién nén phi hop tai qudn Ba Binh, thanh pho Ha Ngi theo tiéu
chuan TCVN 9386-2012 véi 3 s6 liéu dau vao la 3 ban ghi khac nhau. Si dung c4c gia tac nén
thu duwoc, thic hanh tinh todn cho dang két cdu dién hinh cua cong trinh tuyén Metro dogn
Nhon - Ga Ha Néi, véi dia chat dién hinh tai vi tri qudn Ba Dinh bang chuong trinh Plaxis2D.

Tir khoa: Két cau cong trinh ngam; thiét ké khang chan; khop phd phan ang; phan tich
dong theo thoi gian; ham wavelet.
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