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Rolling Stock Components
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Comparative appearance of the foot portion of rails near the
rail fastenings after three years and seven months of
In~track service In a coastal environment.

LESS SECTIONAL THINNING on weathering Cu-Mo rail.

frontline.thehindu.com
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Corrosion protection paint seriously
destroyed due to adhesion problems

Corroded fatigue fracture
surface with beach marks

nsers.org
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-- Disclaimer -~
The Future Southeast Asia map is not a working map
of Southeast Asia railways. This is an independent illustration and is
not aligned with any government department or railway operator.
The destinations and countries are not to scale, and the borders do
not represent official or disputed borders.

FUTURE SOUTHEAST ASIA

CURRENT AND PROPOSED RAILWAYS IN SOUTHEAST ASIA

FUTURE SOUTHEAST ASIA MAP

This map is a combination of current and proposed railways across
mainland and maritime Southeast Asia. The proposed lines consist of
railways under construction, lines announced as election promises,
undergoing a feasibility study, or approved lines waiting for funding.
Details of the proposed railways can be found at:

www.nomadicnotes.com/travel-blog/southeast-asia-rail-map/

ABOUT THE MAP

This is a subway-style map that represents how to travel between
destinations rather than portraying geographical accuracy. Train
routes and borders have been straightened, and stations have been
realigned to fit the style of the map. Most of the lines are current or
have been proposed at some point. Some “Nomadic Notes
Recommendations” have been added to fill in missing gaps.

This is not an actual map of Southeast Asia railways, so no
responsibility will be held if you turn up to Nakhon Ratchasima waiting
to catch the Angkorat to Siem Reap, because there is no such train,
and Siem Reap doesn't have a railway (yet).

CONTACT NOMADIC NOTES

For map enquiries or to use this map in media contact me at
www.nomadicnotes.com/contact/
Follow @nomadicnotes on Twitter and Instagram.

~ James Clark NOMADIC NOTES

v

vanan

Version 1.0 October 2016
Copyright © Nomadic Notes

WWW, icnotes.

" Designed by Yusha Anis
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Standards

/ Design Limit C

Europe Axle coating

\ Wagon & container

EN 13103

BRBASS-503

EN 13261

UIC 842

 Atmospheric corrosion test

e Cyclic corrosion test

* Design of corrosion protection

N

Japan

Railway rails

JIS E 1101

4

Testing method for paint

JIS K5600

Weathering steel

— JIS G 3125

Steel bridge

TB 1527

China

TB 3246
Bolt joint and welded joint —C

TB 2374

Wagon frame, Roof

TB 1906

Weathering steel

TB 2375




THAILAND CONNECTIVITY
PLANS BY 2022
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EN 13103
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Europe Axle coating EN 13261
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 Atmospheric corrosion test
e Cyclic corrosion test
* Design of corrosion protection
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Japan

JIS E 1101

Railway rails

4

Testing method for paint

600
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Steel bridge
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Thailand Atmospheric Corrosion Data

2013-2018

2018-2023

4 stations
- Central and eastern area near the
Gulf of Thailand

7 stations

- North, Northeast

- Central and eastern area near the
Gulf of Thailand

- Andaman coast

5 stations + 3 more

- Northeast

- Central and eastern area near the
Gulf of Thailand

- Andaman coast

- Lower and upper southern area
along the Gulf of Thailand

SS 400, stainless steels

SS400, Corten, GI, GL

+ Al alloy, Painted steels, Zn-Al-Mg
coated steel + etc.

T, RH, TOW

T, RH, TOW, CI, SO,

T, RH, TOW, CI-distribution, SO,




Use of exposure test data

Corrosion map

Accelerated corrosion test
validation

Life Prediction




Exposure Test

Exposure test

TEC
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Weather data Pollution deposition rate data

Cu Foil

Conductive Paste(Ag)

Insulating Paste(BN)

Substrate
(Catbon Steel Zine-Coated Steel)

L - - aassldad
Galvanic current flow because of a thin water films
. thin water filas
Conductive Paste (Ag, C) formed by dew or rain drops
Galvani
Insulating Paste (Si0, B2N) <u1::|:‘ :Ic:rol u\:

amm eter)

| Substrate (carbon steel or Zn) l—'

acm-sensor.com
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Exposure Test Period

1 Start: Aug 2013 Materials: CS

P ] I

1-year



Current Corrosion Rate Prediction Model

MTEC!
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(First year corrosion rate data)

[ Exposure test results

\ 4

|

Regression model
CR = f(environmental factors)

] [ Weather data ] [ Pollution deposition rate data ]

Meteorological
spatial data
Chloride
distribution

~

J
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. . TEC
First year corrosion rate

Chiang Rai
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Regression model

CR -> f (T, RH, RF, CI, SO,)

Adiusted P-value

. 5 juste

Equation R R2 Variable 1 | Variable 2
CR =-639.99 + 12.97T + 5.03RH 0.7303 | 0.6943 | 6.01x10> | 9.07x10+4
CR =-51.94 + 0.10RF + 12.09CI- |0.9395| 0.9309 | 6.03x103 | 6.45x10>

TEC
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' TEC
GIS: Climate data layer

0 100 200km

<=71.26 <=1273

o8 . 71.26 - 71.72 1273 - 1315
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Loe? L ::: ;g : 72.1- 72.46 1340 - 1361
SRR Ik ) 58 - 30 72.46 - 72.76 1361 - 1394
F@;Z ; 72.76 - 73.2 1394 - 1449
T8y e A 30- 32 73.2 - 74.09 1449 - 1525
@ 32 34 74.09 - 75.26 1525 - 1628

T e N =34 I 75.26 - 70,70 1628 - 2252

& > 79.79 > 2252

Temperature (°C)

Relative humidity (%) Annual Rainfall (mm)
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Thailand Meteorological Department (122), National Hydroinformatics and Climate Data Center (207/ 469)
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<1km >1 km
ot NN > Intand
Oid)=[0]exp™¥*. . . . . . . . . . .0
A(d)=(4) X [(09x e~ O+ (01 xe~9)] . . . . (1) [OHDI=[0] .
_ ' ) where O; and O(d) are the concentration of ocean produced
where 4; is the surf produced concentration of chloride at || 4erosol at the shoreline and at a distance d (in kilometres)
the beach line, and A(d) is the concentration at a distance d respectively, and x is the decay constant with a value of 50.
(in km) from the beachline. ’
20

I. Cole et al., Corr. Sci. Techno., Vol. 38, (2003)
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GIS: Chloride‘d‘ata layer

{

1

Non-marine (Cl-< 3 mmd)

O CR = f(T, RH)

- Marine (CI >= 3 mmd)

Cl-[mmd]
<=2.25 i , .
2.25-4.3 B. Chico, D. Fuente, I. Diaz, J. Simancas
g'gﬁ' _5'8321 and M. Morcillo, Materials, 10(2017),
I >8.41 601.

0 100 200km



GIS: Corrosion rate data layer
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e )
Corrosion rate of carbon steel is Thailand
* Non-marine, CR < 150 g/m?/y
* Marine, CR = 150 — 900 g/m?/y
\_ ; J
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Exposure Test Period

1 Start: Aug 2013 Materials: CS

P ] I

1-month @@ o

3-month
6-month N

1-year
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Design an Accelerated Corrosion Test Method v TEC

a member of NSTDA

2. Calculate
deposited
amount
1 Cyclic dry/wet process
Salt deposition D Dry condition
; ‘ process Eﬂ“C 35%RH, 3 hr =
Sprayihg artificial seawater Transition Transition
rice atw:zk . |t period 1hr period 1hr 1. Actual -li_A\Ciehl/T r?;etjj 3 Test for
mount of deposited sea salt : . .

1-1000 mgm? Wet condition Chloride est lvietno marine

40°C, 95%RH, 3 hr distribution

1SO 16539 condition

+ Constant absolute humidity

Rinse treatment

jfe-tec.co.jp

Condition of ACTE™ Test (ISO 16539 Method B) 4. Corrosion

loss vs. time
ACTE™ is a registered trademark of JFE Steel Corporation in Japan.

Actual test




Design an Accelerated Corrosion Test Method v TeC

member of NSTDA

Amount of salt in the spray solution to get similar trend of corrosion loss vs. number of cycles.

1200
Bangkok
1000 ® Rayong = 164.31X05546
O R2=0.9585
~ Phangnga
£ 800
0
2 @)
9 600
[
o
S 400 o
E y = 42.091x0-461
7 2 -
2 R2=0.9353
200 ................... .
:-unn-“uu:...........“ ................... . y e 48.215)(02699
O ."--. 1111111 Rz - Olggz
3 o8 147

: = 24 36

Months, days



Life Prediction

D= At"
log D =log A+ nlogt

n > 0.5: non-protective corrosion product
n < 0.5: protective corrosion product

= 100 -
o ]
h —
9 .
g
]
& | e P
i T &
3 ,,--—"'
g 10 . ,. y=0.89+0.33x
c ] R1:0.9633
= 1
..g - y=0.62+0.74x
l_ ) Rz = 0.9729
1 | .
1 .

Time (months)

Thickness loss (micron)

100

Y
o

TEC
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g
e
i e . y= 0.94 + 0.26x
7 et R2= 0.998
.-
- Y= 0.58+ 0.76x
RZ = 0.9856

T T — |

: 10

Time (months)

Marine (Gulf of Thailand)

Marine (Andaman)

ny

> 0.5

n,<0.5

17
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Life Prediction

Thickness loss (micron)

100

10

D= At"
log D =log A+ nlogt

n > 0.5: non-protective corrosion product
n < 0.5: protective corrosion product

y=1.30+0.59x —_—
— R2 =0.9777 c
| o]
_ |
4 :
i | ‘.g
............... PR %
P S o ;
7 o y=0.89+0.33x %
] - R < 0.0633 ”
7 | c
| =
» y=0.62+0.74x :
i . -c
R? = 0.9729 :
T T T T T T | |
: 10

Time (months)

100

10

v=1.24 + 0.48x
e R? = 0.9668
i .
R a2
-9
. o y=0.94+0.26x
] R*=0.998
.
1  y=0.58+0.76x
R = 0.9856

T T T T 171 T

1 10

Time (months)

TEC
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Marine (Gulf of Thailand)

Marine (Andaman)

n,>0.5

n,<0.5

Ne> 0.5
Nys < 0.5

27
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Infrastructure

1.
Monitoring
& Exposure

test

http://www.hawaiicorrosionlab.org/per/per.html

Cyclic dry/wet process

P Salt deposition > Dry condition |

process

60°C, 35%RH, 3 hr

Spraying artificial seawater
twice a week

Amount of deposited sea salt :
1-1000 mg/m?

ACTE™

Transition Transition
period 1hr period 1hr

Wet condition
40°C, 95%RH, 3 hr

+ Constant absolute humidity

Rinse treatment

2.
Accelerated

Test

3. Life
Prediction

TEC

a member of NSTDA




Rolling stock components

1.
Monitoring
& Exposure

° wd A, C, D

o Tasosasulu A, B, C
e ¢hdosnuuan A, C
o Taviavsa A, C

Cyclic dry/wet process

P Salt deposition > Dry condition

process

60°C, 35%RH, 3 hr [ ]

Spraying artificial seawater
twice a week

Amount of deposited sea salt :
1-1000 mg/m?

ACTE™

Transition Transition
period 1hr period 1hr

Wet condition
40°C, 95%RH, 3 hr

+ Constant absolute humidity

Rinse treatment

2.
Accelerated

Test

TEC

a member of NSTDA

3. Life
Prediction
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ACM sensor monitoring

[ Left side view] Rain —Roof —Rear floor —Vehicle speed R T It

Top side @
; 2 TN ® ®

“Bottom side!
[Top view ]

S

apIs Jeay
ACM outputdata[A]

The orientation of the sensor and the specimen
Roof : Facing upward
Rear floor : Facing downward

e - *Monitoring test in Japan on the general road ! A A ; \ -
Leftside . 0:00 100 200 300, 4:00 00 00 “TD ;,.,.,,,,,
Time [h:m] ; = |

Fig. 3. Installation position of ACM sensor, Temp./ Hum. sensor & specimen. Fig. 4. The results of the ACM test while driving.

®
Vehicle speed [km/h]
g

Front side

H. Takahashi et al., Proc. 14th Int. Conf. on Global Research and Education, Inter-Academia, 2015. 7

At high travelling speed, corrosion underneath the car is more severe.
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e Maintenance

: 2. optimization
Monitoring Accelerated 3. Life .
& Exposure Prediction * Data for life
Test
test cycle cost
analysis

E

materialsperformance.com

Add more data
to
CRe/m2/y]  Thailand

<=150
m e s COrrosion map

200 - 225
225 - 250
250 - 275

I 275 - 300
> 300

W. Pongsaksawad et al., APCCC18, 2018.

hochschule-heidelberg.de

Accelerated test method for Thailand
-performance ranking
-material/coating selection
-database generation
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GIS: Corrosion rate

T
)

T, RH, Rainfall
National data

Dr. Cole’s model

Cl- = A*exp(-BﬂE)

\—/
Interpolation: Interpolation:
IDW IDW

CR = f(T,RH)

CR = f(RF, CI-)

I. Cole et al., Corr. Sci. Techno., Vol. 38, (2003)
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. . . TEC
Inverse Distance Weighting Interpolation

4,93,27 30 22

2 2 £ 2
Zix)= Ewz = 1 2 25 3 4 _ 5544

Ew T 114141

An unknown value is calculated by inverse distance weight from
the known value points.
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https://www.e-education.psu.edu/geog486/node/1877





