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Abstract

In the future, there are plans to construct the many rail transportation in the Mainland
Southeast Asia e.g. double rail and high speed rail. This senior project for estimate the seismic
hazard along the railways in the Mainland Southeast Asia and specific the routes that have a
risk for seismic hazard. This project use 2 methods for estimate the seismic hazard. They are
Deterministic Seismic Hazard Analysis method (DSHA) and Probabilistic Seismic Hazard method
(PSHA). The PSHA method use Building Code standard (2% POE 50 year and 10% POE 100
year) and JSCE standard (5% POE 50 year and 100 year). From the estimated, the railways in
the western of the region have high peak ground acceleration (PGA). From DSHA method, the
maximum PGA values is 0.46g near Hinthada station in Myanmar. By the PSHA method 5%
POE 100 year, the maximum PGA value is 0.85¢ near Hinthada station in Myanmar. There are
8 lines that have risk for seismic hazard by Eurocode 1998-8 standard. The lines are all line in
Myanmar, Vientiane-Khunming line in Laos and Chiang Mai-Bangkok line and Bangkok-Namtok

line in Thailand. The lines that have risk include double rails and high speed rails.
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Chapter 1
INTRODUCTION

1.1. Background

Rail system has been common transportation system for a long time and very important for
quality of living and economic development of many countries. There are railways or facile
transportation systems and losgistic that cause the civilization is coming in the area. In Southeast Asia,
there are many publications of railway construction plans to connect every country in the region,
including high-speed trains and many electrical trains in metropolitan areas. Thus, this research,
“Investigation of Earthquake Activities and Hazards along Railways in the Mainland Southeast Asia”
has high significance because it will enable readers to indicate the seismic hazard high risk areas that
could adversely affect people and assets. For example, many railways were damaged by the
earthquake in Tohoku in 2011.

Many countries in the world have drawn seismic hazard maps for studying about earthquake
vibration and earthquake warning system. In Macedonia, the seismologist estimated seismic hazard
activities along highways (Dragi and Vladimir, 2006). There are seismic hazard maps in Oregon, United
State of America (Zhenmin et al., 2001). In Japan, there are earthquake alarm systems for Shinkansen
rail system for minimizing damages in people’s lives and assets (Shunroku et al., 2011). All of these
samples have a lot of advantages for defining seismic hazard activities and reducing the damages
from seismic hazard.

1.2. Objective
The key objective of this report is to study and estimate earthquake source and seismic

hazard activities behavior along railways in the Mainland Southeast Asia.



1.3. Study Area

The study covers all rail lines in the Mainland Southeast Asia from latitude 1°N to 26°N and
longitude 90°E to 110°E (Figure 1.1). The area of this study covers seven countries (Cambodia, Laos,
Malaysia, Myanmar, Singapore, Thailand, and Vietnam) and two cities (Bangkok and Singapore). There
are three main lines in Cambodia (in cyan) Phnom Penh-Aranyaprathet, Phnom Penh -Klong, and
Phnom Penh-Sihanouk. In Laos (in blue), there are two main lines Vientiane—Kunming and Vientiane-
Champasak. Malaysia (in purple) have three mainlines Gemas-Singapore, Gemas- Sungai Kolok, and
Gemas Padang Besar. There are 5 main lines in Myanmar (in green) Thein Za Yat —Mergui, Yangon-
Mandalay, Yangon-Sagiang, Pathein—Kalemyo, and Mandalay-Myitkyina. In Thailand (red), there are
six mainlines Bangkok-Chiang Mai, Bangkok-Nong Khai, Bangkok—Aranyaprathet, Bangkok-Sungai
Kolok, Bangkok—-Namtok, and Bangkok-Ubon Ratchathani. In Vietnam (in yellow), there is one main
line Hanoi-Ho Chi Minh City. Finally (Figure 1.1), there are 13 lines in Bangkok (in pink) and 7 lines in
Singapore (in orange).
1.4. Expected Result

The seismic hazard map along railways in the Mainland Southeast Asia in DSHA Method
(Deterministic Seismic Hazard Analysis) and PSHA Method (Probability Seismic Hazard Analysis) and
Indicate the areas that have high risk in seismic hazard activities. This result would be useful for rail
transportation projects in the Mainland Southeast Asia and real estate along these railways in the

future.



Figure 1.1. Map of Mainland Southeast Asia shows the railways in the each country.



Chapter 2
THEORY AND METHODOLOGY

2.1. Theory
Seismic hazard analysis

Seismic hazard analysis is the estimation the acceleration of ground shaking that have a
chance for happen in each area in the future. The seismic hazard analysis is showed by peak ground
acceleration (PGA). Peak ground acceleration is the maximum ground shaking acceleration (1g =
9.8m/s%). In the estimation, the seismologist said that there are 3 factor for determined. First factor
is the Earthquake sources. The estimated may use the earthquake sources at least 300 km from the
interest area (Gupta et al., 2002). Second factor is strong ground motion attenuation model. The
seismic wave is decreased by the distance. The decreasing is up to the geology in the each area.
Last factor is site respond. In some case, the seismic wave can be amplified. The amplification is up
to the sediment in each area. There are 2 methods for estimated the seismic hazard.

1) Deterministic Seismic Hazard Analysis (DSHA) (Hull et al,, 2003) is the method that
estimated the worst case method. The DSHA consider the maximum credible earthquake (MCE) and
distance from the earthquake sources to the interesting point. This method is the popular for use
with the large and important building e.g. dam and nuclear power plant.

2) Probabilistic Seismic Hazard Analysis (PSHA) (Cornell, 1968) is the method that use the
probabilistic for predict the origin of the earthquake in each magnitude and the decreasing of the

seismic wave by distance.



2.2 Methodology
2.2.1. DSHA Method

The Deterministic Seismic Hazard Analysis have 4 steps.

1) Identification shape and size of the seismic sources that affected the study area and estimated
the maximum credible earthquake in the seismic source. The seismologist divide the seismic source
into the line source and seismic source zone.

2) The assessment of the distance form seismic source to study area. The earthquake line source
is divided into many small area and measure the distance of each area to study area. Then, we use
the shortest distance.

3) Estimated the PGA by use the MCE and distances.

4) Compare the PGA values and use the maximum values.

Step 1 Step 2
NY
&
Area
A
@® Volcano
Step 3 Step 4
PGA 1 )
= PGA 2 =
PGAmax = >
PGA 3 -4 RS R1

Distance

Figure 2.1. Deterministic Seismic Hazard Analysis Method.



2.2.2. PSHA Method
The probabilistic seismic hazard analysis have 4 steps
1) Identification the seismic source that affect the study area. Then, we divide seismic source
into sub-areas, and measure distance in each area to study area. After that, estimate probabilistic in
each distance.
2) Estimate probabilistic of earthquake in each magnitude. This step can estimated by use the a

value, and b value from “frequency magnitude distribution equation”

logN,, = a — bM equation (2.1)

a = e(@n(0) equation (2.2)

B = bin(10) equation (2.3)

N, is the cumulative number of earthquake events that magnitude over M. M is the magnitude of
the earthquake. However, the earthquake instrumental have short time record (40-60 years).
However, the large earthquake event have long period. The seismologist suggest that use the
earthquake instrumental data and geological data (Schwartz and Coppersmith., 1984)

3) Estimated the PGA values by consider every distance and magnitude. Estimation the
distance (r) and magnitude (m) into average (PHA). Then, use the Standard Deviation (SD) from the

seismic decreasing model, and make the graph that show the poison distribution.

logAg—logPHA

equation (2.4)
SD

P[A(r,m) = Aylr,m]=1—-0



4) Create the seismic hazard curve. Define (A = A,) is the probabilistic of PGA > A,. f(r) is
the probabilistic of distance, and f.,(m) is the probabilistic of magnitude. P[A(r,m) 2A, | r,m] is the
inconsistency of decreasing model. v;is the rate of origin of “i” earthquake source. The O and B is

from the FMD equation

MA = Ag) = 2 v [[ fri(r) fui(m) P[A(r,m) = Aplr,m]drdm equation (2.5)
v; = exp(a; — Bimy) equation (2.6)
Step 1 Step 2
2 FMD model
_.g g ;3 N Characteristic Model
f{_‘; Distance :-5:‘
Distance
Area
A
@]
:
Distance
Step 3 Step 4

Probability
PGA (9)

—> =
PGA (g) Distance

Figure 2.2. Probabilistic Seismic Hazard Analysis Method.

Bang Sue Station Hazard Curve
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Figure 2.3. Hazard Curve of Bang Sue station.



2.3. Previous Work

The research of the seismic hazard analysis is the estimation of the peak ground acceleration
(PGA). The PGA values are in the study area or surround. This research is made for study about
seismic hazard and indicate the warning point along the railways in the Mainland Southeast Asia. |

accumulate the associate previous work that estimate about seismic hazard.

2.3.1. Deterministic and probabilistic seismic hazard analyses in Thailand and adjacent
areas using active fault data (Pailoplee et al., 2009)

They researched about seismic hazard that cause from the active faults in the Thailand and
adjacent by use Deterministic method (DSHA) and Probabilistic method (PSHA). The DSHA give the
maximum possible PGA values that can be estimated the critical structure e.g. dam. The PSHA
method for other structure e.g. buildings, hishways, and railways. They used 55 faults data surround
Thailand to estimated hazard analysis. From the research, the DSHA method showed that the
maximum credible earthquake range from 0Og in the area far from active fault to 3g in the area near
active fault. The PSHA method, they estimate 2% and 10% in probability of exceedance 50 years

and 100 year. The result is in the figure 2.4

Figure 2.4. PGA 2% and 10% POE 100 year map in Thailand (Pailoplee et al., 2009).



2.3.2. Probabilistic seismic hazard assessment for Thailand (Ornthammarat et al., 2010)
Thailand is on the stable plate. However, there are tectonic setting around Thailand. There
are small and small-medium size of earthquake in the northern Thailand. From 1975, we can detect
a number of moderated size shallow depth earthquake. From the result, theground motion hazard
map 2% in 50 year show that the northern and western of Thailand have highest hazard. Bangkok is
nearby sunda subduction zone and active fault that cause the short and long-period of seismic

hazard.

Figure 2.5. Thailand hazard map with 2% POE 50 year (Ornthammarat et al., 2010)
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2.3.3 Probabilities of earthquake occurrences in Mainland Southeast Asia (Pailoplee
and Choowong, 2012)

In the Mainland Southeast Asia, there are 13 seismic source zones based on recent geological
data, tectonic, and seismic data. They estimated the seismic source by use the frequency magnitude
distribution equation (FMD). From the results, all of seismic source zone show that the magnitude
are less than 6.0 for next 25 year. Sagiang fault zone may generate to 7.5 in 20 years. At the same

time, Sumatra-Andaman fault zone may generate 9.0 magnitude earthquake in 50 years.

Figure 2.6. FMD plot of seismic source zones in Mainland Southeast Asia (Pailoplee and Choowoneg,

2012).



Chapter 3
RESULT

3.1 Input Data

3.1.1 Earthquake fault zones

The consideration the seismic source that may have affected the study area should
associate seismic source from study area at less 300 km (Gupta et al,, 2002). There are 55 fault

zones that implicate the study area (Pailoplee et al., 2009).

Figure 3.1. Map show associated fault zones (Pailoplee et al., 2009).

11
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Table 3.1. Associated fault zones properties (Pailoplee et al., 2009). S is Strike-slip fault, N is normal

fault, R is reverse fault, SRL is fault length, S is slip rate, M, is maximum possible

magnitude, Ar is area of fault zone.

Fault No.

Fault zones

Active faults data

Seismic Investigation

Fault type | SRL (km) | S (mm/yr) | Mmax |Af (km2)

Mmin |a value}a valug

Source
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2
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3.1.2. Earthquake Source Zones
From the literature reviews the Mainland Southeast Asia have 13 seismic source zones
(Pailoplee et al., 2013). So, there are 13 seismic source zones associating the railways in the

Mainland Southeast Asia.

Figure 3.2. Associated seismic source zones (Pailoplee and Choowong, 2012).

Table 3.2. Associated seismic source zones properties (Pailoplee and Choowong, 2012).

Zone Name a b Mc a B u
A Sumatra-Andaman Interplate 4.06 0.63 5.6 11418.5 1.5 6.4
B Sumatra-Andaman Intraslab 4.01 0.68 53 10232.9 1.6 5.9
C Sagaing Fault Zone 4.05 0.72 57 11220.2 1.7 5.6
D Andaman Basin 1.80 0.39 4.5 63.1 0.9 4.6
E Sumatra Fault Zone 4.25 0.75 5.7 17782.8 1.7 5.7
F Hsenwi-Nanting Fault Zone 3.57 0.70 54 37154 1.6 5.1
G Western Thailand 2.85 0.57 4.6 707.9 1.3 5
H Southern Thailand 3.10 0.66 5.0 1258.9 1.5 4.7
| Jinghong-Mengxing Fault Zones 3.28 0.61 4.8 1905.5 1.4 5.4
J Northern Thailand-Dein Bein Fhu 4.32 0.80 5.4 20893.0 1.8 5.4
K Song Da-Song Ma Fault Zones 3.48 0.74 4.9 3020.0 1.7 4.7
L Xianshuihe Fault Zone 3.58 0.61 4.6 3801.9 1.4 5.9
M Red River Fault Zone 4.32 0.84 4.8 20893.0 1.9 5.1
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3.1.3 Site Investigation Railways
In this project, | categorized the railways in the Mainland Southeast Asia by countries which
each railway is located. These are Cambodia, Laos, Myanmar, Malaysia, Thailand, and Vietnam. Then,

| categorized the other railways by city (Bangkok and Singapore).

Figure 3.3. Map show railways in the Mainland Southeast Asia.
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1) Cambodia. In Cambodia, there are three main lines which are Phnom Penh - Klong (in
cyan) about 500 km, Phnom Penh - Sihanouk (in green) about 260 km, and Phnom Penh -
Aranyaprathet (in red) about 420 km.

2) Laos. In Laos, there are two main lines which are Vientiane — Champasak about 920 km
and Vientiane — Kunming about 630 km.

3) Malaysia. In Malaysia, there are three main lines which are Gemas - Padang Besar (in red)
about 720 km, Gemas - Sungai Kolok (in purple) about 570 km, and Gemas — Singapore (in yellow)
about 210 km.

4) Myanmar. In Myanmar, there are five main lines which are Thein Za Yat — Mergui (in red)
about 710 km, Yangon — Mandalay (in orange) about 640 km, Yangon - Sagiang (in pink) about 850
km, Pathein - Kalemyo (in blue) about 940 km, and Mandalay - Myitkynia (in green) about 590 km.

5) Thailand. In Thailand, there are six main lines which are Bangkok — Chiang Mai (in blue)
about 760 km, Bangkok — Sungai Kolok (in red) about 1240 km, Bangkok — Nong Khai (in yellow) about
680 km, Bangkok — Aranyaprathet (in green) about 320 km, Bangkok — Ubon Ratchathani (in purple)
about 620 km, and Bangkok — Namtok (in orange) about 200 km.

6) Vietnam. In Vietnam, there is on main line which is Hanoi — Ho Chi Minh City (in green)

about 1780 km.
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Figure 3.4. Map show the railway lines in (a) Cambodia, (b) Laos, (c) Malaysia, (d) Myanmar, (e)

Thailand, and (f) Vietnam.
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7) Bangkok. Bangkok has 13 railways which are operated by three operators. First, BTS
(Bangkok Mass Transit System Company Ltd.) operates Dark green line and Light green line. Second,
BEM (Bangkok Express and Metro Ltd.) operates Blue line, Purple line, Brown line, Orange line, and
Yellow line. Lastly, SRT (The State Railways of Thailand) operates Airport rail link and Red line. Apart
from these three operators, there remain three lines, i.e. Light blue line, Light red line, and grey line,
whose operators are still not specified.

8) Singapore. Singapore has seven lines operated by SMRT Corporation and SBS Transit.
There are Circle line (in yellow), Downtown line (in cyan), East West line (in green), North East line

(in purple), North South line (in red), North Coast line (in black), and Sentosa Express line (in pink).

Figure 3.5. Map show all railways in (a) Bangkok and (b) Singapore.
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3.2. DSHA Method (Deterministic Seismic Hazard Analysis)

From the estimate, all railway lines in the Mainland Southeast Asia by DSHA (Deterministic
Seismic Hazard Analysis) gave results of the seismic hazard map for engineers (PGA map) one map
for all railways in the region and eight maps for each country and city in the region. The map displays
the data that the PGA (Peak ground Acceleration) varies from 0.00g — 0.46g (1g = 9.8m/s). In the
northern and western parts have PGA values higher than the southern part of the area. The maximum
PGA in the area is 0.46g (1g = 9.8m/s?) in the Yangon-Mandalay route in Myanmar, the minimum PGA

in the area is 0.01g in Cambodia and the average PGA in the area is 0.19¢

Figure 3.6. Map show PGA map of all railways in the region by DSHA method.
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3.3. Hazard Curve in the Important Junction Station

All of stations in the railways have 10 important junction stations. There are Phnom Penh in
Cambodia, Vientiane in Laos, Gemas in Malaysia, Mandalay and Yangon in Myanmar, Woodland in
Singapore, Bang Sue station, Chiang Mai station, and Padang Besar station in Thailand, and Hanoi in
Vietnam. These stations are junction for connecting all of railways in the region and outside of region.
Most of them are ports and capital cities which are populated and more civilized areas of the region.

Hence, the hazard curve of these stations should be estimated.

Figure 3.7. Map show site of important junction stations in the region.
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The hazard curves show that Mandalay station is the most risky area for seismic hazard,
follow by Yangon station and Chiang Mai station. The Hanoi station, Vientiane station, Padang Besar
station, Bang Sue station, and Phnom Penh station do not have risk from seismic hazard by Eurocode-
8 standard (PGA less than 0.4g or 3.9 m/s?). The Mandalay station and Yangon station have 5 in
10,000 that risks from seismic hazard (PGA over 0.4g or 3.9 m/s?). Chiang Mai station have 5 in 100,000
that risk from seismic hazard (PGA over 0.4g or 3.9 m/s?. By the chance of 1 in 1,000,000, Yangon
station may have PGA up to 2g (19.6 m/s%), but Mandalay station may have PGA value of less than

Yangon that 1.6g (15.7 m/s?). So in the less chance, Yangon station has higher risk than Mandalay

station.
Hazard Curve of Important Junction Stations
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Figure 3.8. Hazard Curve of Important Junction Stations.
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3.4. PSHA Method (Probability Seismic Hazard Analysis)

The PSHA Method (Probability Seismic Hazard Analysis) use probabilistic to estimate the
PGA (peak ground acceleration). The results from PSHA method is probability of PGA in each point
(%) in specific year. | use two standards for the assessment of the possibility of the impact of
seismic hazard. The first standard is the building code. There may be communities, buildings, and
others along the railways. | use 2% in 50 year and 10% in 50 year from the building code to
estimate the area along the railways. The second standard is JSCE (Japan Society of Civil Engineer)
standard from Japan. The JSCE standard have a standard for the estimation of the seismic hazard
analysis for railways. It use 5% in 50 year and 5% in 100 year to assess the railways

3.4.1 The Building Code

The transportation always brings in civilization into areas along the route. There are new
communities, cities, buildings, and so on. The Building Code is the standard that useful to estimate
the building in that communities along the railways.

| estimated the PGA along the railways by use 2% in 50 year and 10% in 50 year. Then, |
made 2 PGA maps (2% in 50 year map and 10% in 50 year map) from all of the railways and 4 PGA
maps from the cities (2% in 50 year map and 10% in 50 year map from Bangkok and Singapore)

1) PGA map 2% in 50 Year and 10 % in 50 Year of all of the railways in the Mainland
Southeast Asia. The map 2% in 50 year shows PGA values along the railways in the Mainland
Southeast Asia. The maximum value is 0.9g in the Myanmar in Pathien-Kalemyo line. The minimum
value is 0 in Cambodia, South Laos, and South Vietnam. The average value is 0.23¢. In the Myanmar,
western and northern of Thailand, and northern of Laos have high PGA values (yellow to red) that
high risk from seismic hazard. | recommended that might use support structure for building along
the yellow to red area. However, this project base on basement rock and not include the amplified
form sediment in each area. The map 10% in 50 year show PGA values along the railways in the
region. The average value is 0.14g. The maximum value is 0.54¢ in Pathien—-Kalemyo line, Myanmar.
The minimum value is 0 in Cambodia, Laos, and South Vietnam. There are high PGA in the north and
the west of the region (Myanmar and a part of Thailand) which high risk from seismic hazard.

However, this project base on basement rock not include the amplified form sediment in each area.
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Figure 3.9. Map show PGA (a) 2% in 50 year and (b) 10% in 50 year along the railways in the Mainland

Southeast Asia.

2) PGA map 2% in 50 Year and 10% in 50 year of all of the railways in the Bangkok.
PGA map 2% in 50 year of all railways in Bangkok shows that maximum PGA is 0.043g, minimum PGA
is 0.024¢, and average PGA in the area is 0.031¢. The west of Bangkok has PGA values higher than
the east side, but the PGA values are not much different. However, the PGA values in Bangkok is too
low for seismic hazard but Bangkok clay may be amplified the seismic wave and becomes the hazard.

PGA map 10% in 50 year of all railways in Bangkok shows that the average PGA in the Bangkok
is 0.019g. The maximum is 0.028g and the minimum is 0.014¢. The west of Bangkok has PGA values
higher than the east at the same 2% in 50 year. The PGA values of all railways in Bangkok are nearby
and too low for hazard. Nonetheless, this project is based on basement rock and does not include

amplified seismic wave by sediment in the area.
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Figure 3.10. Map show PGA (a) 2% in 50 year and (b) 10% in 50 year along the railways in the

Bangkok.

3) PGA map 2% in 50 Year and 10% in 50 year of all of the railways in the Singapore.
PGA map 2% in 50 year of all railways in Singapore suggests that the average PGA of all railways in
Singapore is 0.125g. The maximum PGA is 0.151g and the minimum PGA is 0.105g. The eastern
Singapore has lower PGA values than the western part. The difference of maximum point and
minimum point is 0.02g, so PGA values in Singapore is not very much. The PGA values are too low
for seismic hazard but this project did not cover the amplified seismic wave by sediment. PGA map
10% in 50 year of all railways in Singapore shows that the maximum PGA of all railways in Singapore
is 0.078g, and minimum PGA is 0.054¢. The average PGA is 0.064¢. The maximum value is not different
from minimum value, and the PGA values are too low for seismic hazard. Note that this project does

not include the amplified of seismic wave from sediment.
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Figure 3.11. Map show PGA (a) 2% in 50 year and (b) 10% in 50 year along the railways in the

Singapore.

3.4.2. JSCE standard (Japan Society of Civil Engineer)

Japan has continued to face several disasters during the past decades. The Japanese
seismologist have researched and developed the earthquake resistance structure or warning system.
They have also created the standard for design the earthquake resistance structure. There are
standards for railways under JSCE standard for earthquake resistance. The criteria in estimation which
is relevant to human lives is 5% in 50 year and 100 year. Moreover, Japan is the advisor in
construction of the railways and high speed train lines in the Mainland Southeast Asia.

The results are PGA map for researchers and engineers. There are PGA 5% in 50 year map
and PGA 5% in 100 year map of all railway lines in the region, each country‘s railway lines, Bangkok’s
railways lines, and Singapore’s railways lines, totaling 18 maps.

1) PGA map 5% in 50 Year of all of the railways in the Mainland Southeast Asia. This
method estimated the maximum ground acceleration from seismic wave in 50 year. If the

construction over 50 year, this method is not recommended as reference.
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This is the PGA map 5% in 50 year explaining that the average PGA is 0.17g. The maximum
PGA is 0.68¢ and the minimum PGA is Og (not affect by seismic vibration). The northern of Laos, the
northern and western of Thailand, and Myanmar have high PGA values (PGA greater than 0.4g or 3.92
m/s%). The PGA values of the western and southern areas are low at less than 0.4g Or 3.92 m/s”.
Therefore, the railways of area in northern and western parts must be planned for defense seismic

hazard in the future. Next, | will explain the PGA 5% in 50 year map by each country and each city.

Figure 3.12. Map show PGA 5% in 50 year along the railways in the Mainland Southeast Asia.
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2) PGA map 5% in 50 Year of all of the railways in each country. The PGA values in
Cambodia are very low. The maximum PGA is 0.007g, the minimum PGA is 0g. The average PGA is
0.002¢. PGA value in most of the areas in Cambodia are 0g or near 0g. Thus, Cambodia does not
have risk for seismic hazard. In Laos, there are two mainlines. The south line (Vientiane-Champasak)
has low PGA than the north line (Vientiane-Kunming). Along the railways, the maximum PGA is 0.39g,
and the minimum PGA is 0g. The average of all railways in Laos is 0.12¢. PGA values in Laos have
difference from maximum and minimum but the maximum values is low from seismic hazard.
However, it may be amplified seismic wave from sediment in the area. The construction the north
line of Laos should be researched the amplified seismic wave along this line. Malaysia have three
mainlines. The PGA values in each line are different. In the south of Malaysia PGA values are higher
than the north. The maximum PGA is 0.19¢ in Padang Besar-Gemas line, and the minimum PGA is
0.015g in Sungai Kolok-Gemas line. The average PGA is 0.09g. PGA values in these lines are too low
for seismic hazard but may be the amplified seismic wave from sediment along the railways.
Myanmar have many rail lines, and have high PGA values. The maximum value is 0.68¢ in Pathien—
Kalemyo line. This value is considered high risk for seismic hazard. The minimum values is 0.1¢ in
Thein Za Yat-Mergui line. The average PGA in Myanmar is 0.4¢. Therefore, Myanmar may have high
risk for seismic hazard (PGA greater than 0.4g or 3.92 m/s?). | recommended that in constructing the
railways the earthquake resistance structure should be used or earthquake warning system almost
line in the Myanmar should be set up.

Thailand is the important country because it is the center of the Southeast Asia and pathway
of logistics in the region. The western and northern parts of the Thailand is the area, where there
are high PGA value. The maximum PGA value in the railways along Thailand is 0.49¢. The estimated
result shows that it has risk for seismic hazard. The minimum PGA value is 0g in Bangkok-Ubon
Ratchathani line. The average PGA value is 0.078g. The average value shows that most of PGA values
in Thailand is low. Thus, the construction of railways along Thailand should also consider about the
amplified seismic wave in the area. Vietnam is the country in the east coast of the Mainland
Southeast Asia. There is only one mainline (Hanoi-Ho Chi Minh City). The PGA values in Vietnam are
not very much. The maximum PGA value is 0.22¢ in the northern part of the line, and the minimum
PGA value is 0g. The average PGA value is 0.04g. Almost all PGA values in Vietnam are lower than

0.1g, indicating low risk for seismic hazard. However, the amplified of seismic wave should be studied.
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Figure 3.13. Map show PGA 5% in 50 year (a) Cambodia, (b) Laos, (c) Malaysia, (d) Myanmar, (e)
Thailand, and (f) Vietnam.

3) PGA map 5% in 50 Year of all of the railways in Bangkok and Singapore. Bangkok is
the large city in the Mainland Southeast Asia. It is destination of the railways from north, and the
entrance of the south of the region. It is important to estimate the PGV values of this city. The
maximum and minimum PGA values are 0.03g and 0.01g, respectively. The average PGA is 0.02g. The
PGA values in Bangkok are not vary so much, and they are too low for seismic hazard. However,

Bangkok has several more projects for sky trains and metros. In construction of the rail lines should
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be concerned about the amplified of seismic wave by sediment for defense the collapse the rail
lines or tunnel.

Singapore is the small country with one large city. This city is the destination of all railways
in the Mainland Southeast Asia. There are pier for transport cargo from the Southeast Asia and Far
East Asia (China, Korea, and Japan) to the western countries i.e. Europe and America. The maximum
and minimum PGA values are 0.1g and 0.07g, respectively. The average PGA value is 0.87g. PGA
values in the western part is not different to the eastern part much. Singapore has seven metro
lines. They are more risky for seismic hazard than on ground rail lines. The construction and repair

of the railways should be concerned about seismic hazard.

Figure 3.14. Map show PGA 5% in 50 year along the railways in (a) Bangkok and (b) Singapore.
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4) PGA map 5% in 100 Year of all of the railways in the Mainland Southeast Asia. This
method estimated the maximum g¢round acceleration from seismic wave in 100 year. If the
construction over 100 year, this method are not recommended for reference. If construction of less
than 50 year, | recommended to use the PGA 5% in 50 year map, which would save the construction
cost. This PGA map 5% in 50 year of all of the railways in the Mainland Southeast Asia explains that
the maximum PGA value is 0.85¢, and the minimum value is 0g. The average value is 0.2¢. Most of
the area have low PGA values, but in the western and northern of the area have high PGA values

(greater than 0.4g or 3.92 m/s?). Next, | will show the data of each country and each city.

Figure 3.15. Map of the Mainland Southeast Asia show PGA 5% in 100 year along the railways.
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5) PGA map 5% in 50 Year of all of the railways in each country. From the Cambodia’s
PGA map, Cambodia does not have a point where the PGA values over 0.1g. The maximum value is
only 0.01g, and minimum value is 0g. The average value is 0.004¢. The average value shows that
Cambodia does not have a risk for seismic hazard in 100 year. Laos has two mainlines, one in the
north (Vientiane-Khunming) and two in the south (Vientiane-Champasak). From the PGA 5% in 100
year, the north line have a risk that damage by seismic hazard. The maximum PGA value is 0.46¢ in
the Vientiane-Kunming line. The minimum value is 0 in the Vientiane—Champasak line. The average
value is 0.15¢ which explains that most of PGA values in rail lines are low. Thus, the north line should
be prepared for seismic hazard. This project does not cover the amplified of seismic wave by
sediment. From the PGA 5% in 100 year map of Malaysia, the PGA values are not high (less than 0.4¢g
Or 3.92 m/s?). The maximum PGA value is 0.24g, and the minimum value is 0.02¢. The average value
is 0.11g. Although PGA values in the Malaysia is under 0.4g, there are the amplified the seismic wave
from sediment. The construction should estimate the amplified of seismic wave. Myanmar’s PGA
map show that almost PGA values along the railways in Myanmar are high values. The maximum
PGA value is 0.845¢g in Pathien-Kalemyo line. The minimum PGA value is 0.12g in Thein Za Yat-
Mergui line. The average PGA value is 0.49¢. From average PGA along railways in Myanmar, most of
them are high (over 0.4g or 3.92 m/s?). So, the railways in the Myanmar have high risk for damage
caused by seismic hazard. The construction of these lines should use earthquake resistance structure
or warning system. The PGA map 5% in 100 year in Thailand show that the north and the west
regions of Thailand have high PGA values while the other parts have low PGA. The maximum value
is 0.53¢g in Bangkok — Chiang Mai line. The minimum value is 0.006¢ in the Bangkok-Ubon Ratchathani
line. The average value is 0.093¢. The average shows that most of PGA values along railways in
Thailand are at low risk from seismic hazard. However, the construction of the railways should use
support or alarm where the PGA value over 0.4g. This project does not cover the amplified of seismic
wave by sediment. In Vietnam, the PGA map explains that all railways in Vietnam have low PGA
values. The maximum PGA value is 0.27¢g, and the minimum value is 0¢. The average PGA value is
0.05g, suggesting that almost all rail lines have low PGA values. From this estimate, Vietnam does
not have risk from seismic hazard. However, this project does not cover the amplified the seismic
wave. The construction should estimate the seismic wave amplification especially the points which

have high PGA value.
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Figure 3.16 Map show PGA 5% in 100 year in (a) Cambodia, (b) Laos, (c) Malaysia, (d) Myanmar, (e)
Thailand, and (f) Vietnam.

6) PGA map 5% in 100 Year of all of the railways in Bangkok and Singapore. Bangkok is
the center of the Mainland Southeast Asia. It is the destination of northern railways and gate of
southern railways. So, Bangkok is the important city for rail system of Southeast Asia. The PGA map
5% in 100 year explain that the PGA values is doesn’t difference too much. The maximum is 0.04s.
This maximum value is too low for seismic hazard. The minimum PGA is 0.02¢. The average PGA is
0.03g. The average show that PGA values in the Bangkok is low, and doesn’t have risk for seismic

hazard. However, the railways in Bangkok are sky trains and metros. So, the construction should be
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estimated the seismic wave amplification for defense the collapse of railways and the metro’s
tunnel. Singapore is the destination of all railways in the East Asia and Southeast Asia. There are 7
metro lines. So, Singapore is important city for transport the cargo from the north to the other side
of the world. The PGA map show that the west have PGA values higher than the east. The
maximum PGA is 0.14g, and the minimum is 0.10g. The average is 0.11g. The average explain that
PGA all of rail lines in Singapore are not difference so much. The overall PGA is too low for seismic
hazard, but the rail construction and repair should be concern about the seismic wave

amplification.

Figure 3.17. Map show PGA 5% in 100 year along the railways in (a) Bangkok and (b) Singapore.
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Chapter 4
DISCUSSION AND CONCLUSION

There are 3 points of discussion in this project, i.e. (1) fault zone effect in the railways along
the Mainland Southeast Asia, (2) the estimation in the each mainline in details by PGA 5% in 50 year
and PGA 5% in 100 year, and (3) the investigation and finding of the warning area by Eurocode 1998-

8 standard in double rail lines and high-speed train rail lines.

4.1 The Fault zone that affects the rail lines in the Mainland Southeast Asia

In all of the fault zones that affect the railways in the Mainland Southeast Asia, each fault
zone has effects on the rail lines depending on the fault zone’s characteristic. | estimate the fault
zone by use DSHA map and PSHA 5% in 50 year for invest the fault zone that affects the rail lines
and makes the high PGA values.

Figure 4.1. Map show fault zone that affects the railways along Mainland Southeast Asia.
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4.1.1 DSHA map and fault zones that affect the railways

The map shows that most of fault zones in the Mainland Southeast Asia are in the western
and northern parts of the region. In the Myanmar, the high PGA values come from the large active
faults which cross the area, e.g. Andaman fault zone, Sagiang fault zone, and Moei fault zone. These
faults in the western part of Myanmar cover large area and have high slip rate (see table 3.1), for
example Sagiang fault has slip rate of 27 mm p.a. That is the main cause of high PGA in this area. In
the northern part, there are many fault zones, e.e. Mae Chan fault zone, Nam Ma fault zone, and
Whan Ha fault zone. The slip rate (see table 3.1) of these fault zones in the north are less than those

in the west but they can make high PGA in the northern area.

Figure 4.2. Map of Mainland Southeast Asia show DSHA map and fault zone that affect the railways.
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4.1.2. PSHA map 5% in 50 year and fault zones that affect the railways

With the same reason as the DSHA map, the western and northern areas of the region have
high PGA values than other parts. The fault zones in the western part (Andaman fault zone, Sagiang
fault zone, and etc.) have the high slip rate and cover the large area (see table 3.2.1). From the
literature review, Andaman fault zone can generate the maximum magnitude of up to 9.2 magnitude.
The fault in the northern part of the region (Mae Chan fault zone, Nam Ma fault zone, and etc.)
make high PGA values in the railways but the PGA values in the northern part are less than those in
the west. These reasons explain why PGA values in northern and western parts of the region have

high values.

Figure 4.3. Map of Mainland Southeast Asia show PSHA map 5% in 50 year and fault zone that affect

the railways.



36

4.2 Estimating each mainline in details by PSHA 5% in 50 year and 5% in 100 year

There are many main rail lines in the Mainland Southeast Asia. Cambodia has three mainlines,
Laos has two, Malaysia has three, Myanmar has five, Thailand has six, and Vietnam has only one
mainline. The estimated each mainline uses the JSCE standard for rail structure (PSHA 5% in 50 year

and PSHA 5% in 100 year).

Figure 4.4. Map of the Mainland Southeast Asia show main rail line in each country.
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4.2.1. PSHA 5% in 50 year along rail lines in detail
1) Cambodia. There are 3 mainlines in Cambodia (1) Phnom Penh-Klong line (cyan). (2)

Phnom Penh-Arunyaprathet line (pink). (3) Phnom Penh-Sihanouk line (green).

Figure 4.5. Map show PGA 5% in 50 year stations along the mainline in Cambodia.

In case of Phnom Penh-Klong line, the PGA values of this line is 0g. It does not have a risk from
seismic hazard. In case of Phnom Penh-Arunyaprathet line, the PGA values in this line vary from 0
to 0.007g. The maximum is 0.007g, the minimum is Og, and the average is 0.002g. The PGA values
are too low for seismic hazard. In case of Phnom Penh-Sihanouk line, the PGA value of this line is

0Og. It does not have a risk from seismic hazard.



Average PGA Og

O

Average PGA 0.002g

O

Average PGA Og

Figure 4.6. The charts show PGA values 5% POE 50 year along each line in Cambodia.
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2) Laos. There are 2 mainlines in Laos. (1) Vientiane — Khunming line (blue). (2) Vientiane -

Champasak line (green).

Figure 4.7. Map show PGA 5% in 50 year stations along the mainline in Laos.

In case of Vientiane-Khunming line, this line has the maximum value of 0.39 near Boteng station,
and minimum of 0.04 near Vientiane station. The average value is 0.24¢. The chart shows that most
of the lines have PGA values greater than 0.2g. In case of Vientiane-Champasak line, the maximum
PGA value is 0.04¢, and minimum is 0g. The average is 0.007g. The PGA of this line declines from 0.04
at Vientiane station to 0 at Savannakhet station. However, the PGA value of this line is too low for

seismic hazard.



40

O Average PGA 0.24¢

Average PGA 0.007g

O

Figure 4.8. The charts show PGA values 5% POE 50 year along each line in Laos.

3) Malaysia. There are 3 mainlines in Malaysia. (1) Padang Besar-Gemas line (purple). (2)

Sungai Golok-Gemas line (red). (3) Gemas-Singapore line (yellow).

Figure 4.9. Map show PGA 5% in 50 year stations along the mainline in Malaysia.
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In case of Padang Besar-Gemas line, this line has maximum PGA value of 0.19¢, and minimum PGA
is 0.02g. The average is 0.09¢. From Arua station to Tapah station, there are low PGA. Then, the PGA
value increases sharply to 0.19¢ and stable. However, you should be cautious on the seismic
amplification in the high PGA (Tanjang Malim station—-Gemas station). In case of Sungai Golok-Gemas
line, this line is in the east coast of Malaysia. The maximum PGA value is 0.13 in Bahau, and minimum
is 0.01¢g in Sungai Golok. The average is 0.05¢. From the chart, PGA value increases slowly form Sungai
Golok station to Teriang station. Then, the PGA value is over than 0.1¢ and stable. In case of Gemas-
Singapore line, the PGA value is relatively stable. The maximum value is 0.13¢g, and the minimum is
0.08¢. The average is 0.11g. Most of PGA values have more than 0.1¢. From all rail lines in Malaysia,
this line has the highest average PGA value. Thus, it does not include the seismic wave amplification

by sediment.

O Average PGA 0.09¢g

O Average PGA 0.05g

O O

Average PGA 0.11g

Figure 4.10. The charts show PGA values 5% POE 50 year along each line in Malaysia.
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4) Myanmar. There are 5 mainlines in Myanmar. (1) Thein Za Yat — Mergui line (red). (2)
Yangon — Mandalay (orange). (3) Yangon — Sagiang (pink). (4) Pathein — Kalemyo (blue). (5) Mandalay

- Myitkyina (green).

Figure 4.11. Map show PGA 5% in 50 year stations along the mainline in Myanmar.
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In case of Thein Za Yat-Mergui line, the PGA values are not stable. There are 4 peaks of high values.
The maximum value is 0.35¢, and the minimum is 0.1¢. The average value is 0.25g, suggesting that
most of PGA values in this line are close to the maximum. Thus, the construction of railways along
this line may have to be cautious about the seismic wave amplification. In case of Yangon-Mandalay
line, there are nearby PGA values along this line. The maximum value is 0.36g in Naypyidaw station,
and the minimum is 0.20g near Bago station. The average value is 0.29¢, indicating that most PGA
values in this area are close to the maximum level. The PGA chart declines slowly from Yangon to
Bago, then rises up and stable at above 0.3¢, and fall down in km50 to under 0.3¢. However, this
line has high PGA values. In case of Yangon-Sagiang line, the value increases in the early stage, then
fall down. From Yangon station, the PGA values rise up to the maximum level at 0.66¢ in the Pray
station and fall down to 0.23¢ at Kyaukpadaung station. The average value of PGA in this line is 0.39g,
showing that this line has high PGA. In the construction, the earthquake resistant structure should
be applied. In case of Pathein-Kalemyo line, this line has the highest PGA value among all lines in
Myanmar. The maximum value is 0.68¢, and the minimum is 0.3¢. The average value is 0.54g,
explaining that this line has high PGA and high risk of seismic hazard. In the construction, the
earthquake resistance system for railway should be applied. However, the PGA values drop in km
400 to 0.3g, implying that it is not necessary to use the earthquake resistance in all of the way. In
case of Mandalay-Myitkyina line, this line is in the northern part of Myanmar. The PGA values increase
from the minimum (0.28¢g) in Mandalay station to the maximum (0.60¢) in Khin-U station. The average
is 0.50g, which is the 2" place for the highest PGA of all lines. These PGA values show that this line
has high risk from the seismic hazard. It should be use the earthquake resistance. Thus, the PGA
value of the early stage of this line is under 0.4¢. It is not necessary to use the earthquake resistance

at this point.



Average PGA 0.25¢ O

O O

Average PGA 0.29g

Average PGA 0.39¢ O

Average PGA 0.54g O

O Average PGA 0.50¢

Figure 4.12. The charts show PGA values 5% POE 50 year along each line in Myanmar.

44



5) Thailand. There are 6 mainlines in Thailand. (1) Chiang Mai — Bangkok line (blue).
(2) Bangkok — Sungai Golok line (red). (3) Nong Khai — Bangkok line (yellow). (4) Bangkok -
Arunyaprathet line (green). (5) Ubonratchathani — Bangkok line (purple). (6) Bangkok-Namtok line

(orange).

Figure 4.13. Map show PGA 5% in 50 year stations along the mainline in Thailand.
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In case of Chiang Mai-Bangkok line, the line is in the northern of Thailand. There are high PGA values
in the early stage (the maximum value is 0.45¢g) and fall down. Then, the values increase at Sila-At
station to Uttaradit station and fall down and stable in Taphan Hin station. The minimum value is
0.01¢g in Lopburi station. The average value is 0.15¢, suggesting that most of the PGA values in this
line are low. However, the high-value areas should be applied with earthquake resistance. In case
of Bangkok-Sungai Golok line, this line has unstable values during the first half of the distance, and
stable in the latter half. The maximum value is 0.21g near Bang Saphan Noi station, and minimum is
0.01g near Sungai Golok station. The average is 0.06¢, indicating that most area of this line does not
have risk for seismic hazard. Nonetheless, in the area between Pranburi station and Surat Thani
station the PGA values are high. This suggests that this area should be investigated on the seismic
wave amplification by sediment along the line. In case of Nong Khai-Bangkok line, this line is the
connection line between Thailand and Laos. The PGA values in this line are low. The maximum is
only 0.04¢, and minimum is 0.01g. The average is 0.019¢. So, the PGA values is too low for seismic
hazard. There is no concern about seismic hazard in this line. In case of Bangkok-Arunyaprathet line,
this line is the connection line between Thailand and Cambodia. The PGA values decrease from the
maximum (0.02¢) in Bangkok (Bang Sue station) to minimum (0.01¢) in Arunyaprathet station. The
average is 0.013g. All PGA values in this line is too low for seismic hazard. In case of Ubonratchathani-
Bangkok line, the PGA values in this line are volatile with the uptrend. The maximum is 0.026 value
at Rangsit station, and the minimum is Og near the Surin station and Ubonratchathani station. The
average is 0.009¢. The PGA values in this line is too low. So, there is no concern about the seismic
hazard in this line. In case of Bangkok-Namtok line, this line will be the connection line between
Thailand and Myanmar in the future. The PGA increases from the minimum (0.02¢) from Bangkok
(Bang Sue station) to the maximum (0.39¢) in Tum Krasae station. The average is 0.19¢. From Ban
Phong station to Namtok station, it should be regarded about the seismic wave amplification because

that area have high PGA.



Average PGA 0.15g

O

O Average PGA 0.06g

Averaf PGA 0.019¢

O Average PGA 0.013¢

O

O

Average PGA 0.009¢ O

O

Average PGA 0.19g

Figure 4.14. The charts show PGA values 5% POE 50 year along each line in Thailand.
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6) Vietnam. There is only one mainline in Vietnam that Hanoi — Ho Chi Minh City line.

Figure 4.15. Map show PGA 5% in 50 year and stations along the mainline in Vietnam.

Hanoi-Ho Chi Minh City line. This line has maximum PGA value at 0.22 near Hanoi station, and drops
continually to 0 in Dong Ha station. The average is 0.04¢. Most of the line has low PGA implying no
concern about seismic hazard. Thus, the peak near the Hanoi is the area which should be estimated

on the seismic amplification by the sediment.

O

Average PGA 0.04¢

O

Figure 4.16. The charts show PGA values 5% POE 50 year along each line in Vietnam.
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4.2.2. PSHA 5% in 100 year along rail lines in details

1) Cambodia. There are 3 mainlines in Cambodia (1) Phnom Penh-Klong line (cyan). (2)

Phnom Penh-Arunyaprathet line (pink). (3)Phnom Penh-Sihanouk line (green).

Figure 4.17. Map show PGA 5% in 100 year and stations along the mainline in Cambodia.

In case of Phnom Penh-Klong line, this line is the connection of Cambodia and Laos. In PGA 50% in
100 year, there are very low PGA values. The maximum is 0.005¢, and the minimum is 0g. The
average is 0.0005¢. So, this line does not have impact from seismic hazard. In case of Phnom Penh-
Arunyaprathet line, this line has very low PGA values. The maximum PGA is 0.01g, and the minimum
PGA is 0.005g. The average value is 0.007g. From the maximum value, this line does not have impact
from seismic hazard. In case of Phnom Penh-Sihanouk line, this line has stable PGA values. The
maximum is 0.007g, and the minimum is 0.005¢. The average is 0.006g. From the maximum value,

this line does not have risk of seismic hazard.
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Average PGA 0.005¢

O Average PGA 0.007¢

O Average PGA 0.006g

Figure 4.18. The charts show PGA values 5% POE 100 year along each line in Cambodia

2) Laos. There are 2 mainlines in Laos. (1) Vientiane-Khunming line (blue). (2) Vientiane—
Champasak line (green).
In case of Vientiane-Khunming line, this line has low PGA in the early stage and high PGA values
from km200. The maximum PGA value is 0.46g, and the minimum is 0.05g. The average is 0.29g. From
km200 to Luangnamtha station the PGA values are high. The earthquake resistance system should
be applied. In case of Vientiane-Champasak line, the PGA in this line falls down from Vientiane
station to Champasak station. The maximum is 0.04g, and the minimum is 0g. The average is 0.01g.

So, this line does not have risk from seismic hazard.



Figure 4.19. Map show PGA 5% in 100 year and stations along the mainline in Laos.

O Average PGA 0.29g

Average PGA 0.01g

O

Figure 4.20. The charts show PGA values 5% POE 100 year along each line in Laos.
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3) Malaysia. There are 3 mainlines in Malaysia. (1) Padang Besar-Gemas line (purple). (2)

Sungai Golok-Gemas line (red). (3) Gemas-Singapore line (yellow).

Figure 4.21. Map show PGA 5% in 100 year and stations along the mainline in Malaysia.

In case of Padang Besar—-Gemas line, this line has low PGA in Arau station (minimum is 0.03g). Then,
it rises to the maximum (maximum is 0.24¢) and stable. The average is 0.12g. The average value
shows that most of the line has low PGA values. The area between Tanjang Malim station andgemas
station should be investigated on the amplification of the seismic wave. In the case of Sungai Golok-
Gemas line, this line has the minimum (0.02¢) in Sungai Golok, and increases gradually to the
maximum (0.17¢g) in Kemayan. The average is 0.07, indicating that most of the PGA values of this line
are low. However, the Kemayan station togemas station has high PGA. In the case of Gemas-
Singapore line, this line has nearby PGA value. The maximum is 0.16g, and the minimum is 0.11g in
Singapore. The average is 0.14g. From the chart, this line has low risk of seismic hazard. Thus, the

construction should be investigated on the amplification of seismic wave.



O

Average PGA 0.07g O

O

Average PGA 0.12g

O O

Average PGA 0.14g

Figure 4.22. The charts show PGA values 5% POE 100 year along each line in Malaysia.
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4) Myanmar. There are 5 mainlines in Myanmar. (1) Thein Za Yat-Mergui line (red). (2)
Yangon-Mandalay (orange). (3) Yangon-Sagiang (pink). (4) Pathein—-Kalemyo (blue). (5) Mandalay-

Myitkyina (green).

Figure 4.23. Map show PGA 5% in 100 year and stations along the mainline in Myanmar.
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In case of Thein Za Yat-Mergui line, Thein Za Yat-Mergui line has fluctuating PGA values. The
maximum is 0.41¢ in km450, minimum is 0.12¢ near Palaw. The average PGA is 0.3g. From the chart,
most of PGA values in this line are high. There should be a risk from seismic hazard. So, it should be
estimated on the amplification of seismic wave by sediment. In case of Yangon-Mandalay line, this
line has close PGA values. The maximum is 0.42g¢ near Naypyidaw station, and minimum is 0.25g
near Bago station. The average is 0.35¢. The PGA values in this line are mostly high values. So, this
line has risk from seismic hazard. The construction along this line should apply the earthquake
resistance system. In case of Yangon-Sagiang line, this line has high PGA values mostly. The maximum
is 0.81¢ near Pyay station, and minimum is 0.29¢ near Sagiang station. The average value is 0.48g.
From the average value, the most of the areas along this line have high risk from seismic hazard.
The construction along this line must apply the earthquake structure. In case of Pathein—Kalemyo
line, the Pathein — Kalemyo line is in the west of Myanmar. Most of the PGA values in this line are
high. The maximum is 0.84¢ at Hinthada station, and the minimum is 0.39¢ near Minbu station. The
average is 0.67g. The average value in this line is the highest value of all rail lines in the Mainland
Southeast Asia. So, this line has high risk for seismic hazard. In case of Mandalay—Myitkyina line, this
line has low PGA values initially and the values increasegradually and stable. The maximum is 0.74g,
and the minimum is 0.34g. The average value is 0.63g, suggesting that most of the areas along this
line have high risk from the seismic hazard. So, the seismic hazard resistance should be used along

this line.



Average PGA 0.3g O

O O

Average PGA 0.35g

Average PGA 0.48g O

Average PGA 0.67g O

O Average PGA 0.63¢

Figure 4.24. The charts show PGA values 5% POE 100 year along each line in Myanmar.
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5) Thailand. There are 6 mainlines in Thailand. (1) Chiang Mai-Bangkok line (blue). (2)
Bangkok-Sungai Golok line (red). (3) Nong Khai—-Bangkok line (yellow). (4) Bangkok-Arunyaprathet line
(green). (5) Ubonratchathani-Bangkok line (purple). (6) Bangkok-Namtok line (orange).

Figure 4.25. Map show PGA 5% in 100 year and stations along the mainline in Thailand.
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In case of Chiang Mai—-Bangkok line, there are high PGA values from Chiang Mai to Phitsanulok. The
maximum is 0.53¢g at Lampang station, and the minimum is 0.02g. The average is 0.18g. From Chiang
Mai to Phitsanulok there is a risk from seismic hazard. In case of Bangkok-Sungai Golok line, this line
has unstable PGA value. The maximum is 0.26g in Bang Saphan Noi station, and the minimum is
0.02¢ in Yala station. The average is 0.08¢. From Pran Buri station to Surat Thani station have high
PGA value. In this area, it should be estimated on the amplified of seismic wave by sediment. In
case of Nong Khai-Bangkok line, this line has low PGA values. The maximum is 0.058¢ in Nong Khai,
and the minimum is 0.013¢ near Bua Yai station. The average is 0.023¢. From the chart, this line does
not have a risk from seismic hazard. In case of Bangkok-Arunyaprathet line, the Bangkok-
Arunyaprathet line has maximum PGA at 0.03g, and minimum PGA is 0.01g. The average PGA is 0.016g.
The PGA values along this line are not meaningful for seismic hazard. In case of Ubonratchathani-
Bangkok line, the PGA values of this line are relatively volatile. The maximum is 0.03¢ near Rangsit
station. The minimum PGA is 0.006¢ near Ubonratchathani station. The average is 0.013g. The PGA
values in this line are too low for seismic hazard. Then, there is no concern about seismic hazard
along this line. In case of Bangkok-Namtok line, the PGA value rises continually. The minimum is
0.03g. The maximum is 0.46g. The average PGA is 0.23g. From Ban Pong station to Namtok station,
the PGA values are high. Then, there are risk from seismic hazard in that area. However, it should be

investigated on the amplification of seismic wave.



Average PGA 0.18g O

O Average PGA 0.08g
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Figure 4.26. The charts show PGA values 5% POE 100 year along each line in Thailand.
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6) Vietnam. There is 1 mainline in Vietnam that Hanoi-Ho Chi Minh City line

Figure 4.27. Map show PGA 5% in 100 year and stations along the mainline in Vietnam.

Hanoi — Ho Chi Minh line. The Hanoi-Ho Chi Minh line has high PGA values with peak in
km100. The maximum is 0.27g in km100, the minimum is 0g, and the average is 0.05¢. Most area of
Vietnam does not have an effect of seismic hazard. However, it should be estimated on the seismic

wave amplification by sediment.

O Average PGA 0.05 G

Figure 4.28. The chart show PGA values 5% POE 100 year along each line in Vietnam.
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4.3 The investigation and find the warning area by Eurocode1998-8 standard
The Eurocode1998-8 standard is the standard for the design of structure for earthquake
resistance that is ruled by the European Union. From the Eurocode-8, the areas that have very low

seismicity, the peak ground acceleration on the rock or rock-like is not greater than 0.4g or 3.9 m/s%

Figure 4.29. The Eurocode1998-8.
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4.3 Eurocode1998-8 for rail line.

In the railways of the Mainland Southeast Asia, the western and the northern parts have the
area that the PGA values of more than 0.4g or 3.92 m/s’. | investigated the seismic hazard and
warning point along the railways by using PGA 5% in 100 year map because the Mainland Southeast

Asia has the rails that are over 50 year old.

Figure 4.30. Map of Mainland Southeast Asia show PGA 5% in 100 year map for specific the area

that have PGA over 0.4g.
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From the figure 4.28 and 4.29, the chart shows the area that the PGA values are greater than
0.4g. So, these areas have high risk from seismic hazard. These are Vientiane-Khunming line (km200-
km640) in Laos, all lines in Myanmar, and Bangkok-Namtok and Chiang Mai-Bangkok in Thailand
(Chiang Mai station-Denchai station). In Laos and Thailand, the areas which have high PGA are not
all of the line. In Myanmar, the Thein Za Yat-Mergui line has high PGA in some areas of the line but
the other lines have PGA values at greater than 0.4g in nearly all of the line. Thus, this estimate
assumes the areas which are the rock or rock-like ground. It does not cover the amplification of

seismic wave by the sediment.

High Speed

High Speed

High Speed

Figure 4.31. The charts show PGA values that over than 0.4g in each line.
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Figure 4.31. (Continued) The charts show PGA values that over than 0.4g in each line.

64



65

4.3.1. High-Speed Train System

The high-speed railways system is sensible with seismic hazard. It may cause high damages
when the earthquake happens because it has high speed (more 200 km/hr.). From the map, there
are some areas that have the high PGA values (over 0.4g). These areas should be applied with the
earthquake resistance structure or the seismic hazard warning system like in Japan. However, this
project assumes the ground is rock or rock-like and does not cover the seismic wave amplification

by sediment. Details of each line are shown in figure 4.31.

Figure 4.32. Map of Mainland Southeast Asia show PGA 5% in 100 year map for specific the area

that have PGA over 0.4g in high speed railways system.
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