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Infrastructure

https://www.hitachi.com



Rolling Stock Components

railway-technical.com



frontline.thehindu.com

structuralintegrity.eu

nsers.org



Milella P.P. (2013) Corrosion Fatigue

S. Beretta – Corrosion –fatigue of axle steels

Deutsche Bahn AG, Katrin Mädler, T.TVI53, 4 March 2011



https://traveler.sharemap.org/World_Railways





Standards

• Atmospheric corrosion test
• Cyclic corrosion test
• Design of corrosion protection



Tropical Monsoon Climate
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Thailand Atmospheric Corrosion Data

2007 - 2012 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, Cl-, SO2 T, RH, TOW, Cl- distribution, SO2



Use of exposure test data

Corrosion map

Accelerated corrosion test 
validation

Life Prediction



Exposure Test

Exposure test Weather data Pollution deposition rate data

acm-sensor.com
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6-month
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Start: Aug 2013 Materials: CS

Exposure Test Period
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Current Corrosion Rate Prediction Model

Exposure test results
(First year corrosion rate data)

Weather data Pollution deposition rate data

Regression model
CR = f(environmental factors)

GIS interpolation and 
raster calculation

• Meteorological 
spatial data

• Chloride 
distribution
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First year corrosion rate
Chiang Rai

Khon Kaen

Pathum Thani

Bangkok
Chon Buri

Rayong

Phangnga
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0.15 km 0.1 km



Environmental Parameters
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Regression model

Equation R2 Adjusted 

R2

P-value

Variable 1 Variable 2

CR = –639.99 + 12.97T + 5.03RH 0.7303 0.6943 6.01x10-5 9.07x10-4

CR = –51.94 + 0.10RF + 12.09Cl- 0.9395 0.9309 6.03x10-3 6.45x10-5
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CR -> f (T, RH, RF, Cl-, SO2)



GIS: Climate data layer

Temperature (C) Relative humidity (%) Annual Rainfall (mm)
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0      100    200 km

Thailand Meteorological Department (122), National Hydroinformatics and Climate Data Center (207/ 469)



GIS: Chloride data layer

Coast
< 1 km > 1 km

Surf produced 
aerosol

Ocean produced aerosol

In-Land

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

Cl- [mmd]

B. Chico, D. Fuente, I. Díaz, J. Simancas 
and M. Morcillo, Materials, 10(2017), 
601.

Non-marine (Cl- < 3 mmd)
 CR = f(T, RH)

Marine (Cl- >= 3 mmd)
 CR = f(RF, Cl)

0      100    200 km



GIS: Corrosion rate data layer
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CR [g/m2/y]

f(T,RH)

f(RF, Cl-)

f(RF, Cl-)

0      100    200 km

Corrosion rate of carbon steel is Thailand 
• Non-marine, CR < 150 g/m2/y
• Marine, CR = 150 – 900 g/m2/y

[g/m2/y]
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3-year



Design an Accelerated Corrosion Test Method

Accelerated 
Test Method

ISO 16539

2. Calculate 
deposited 
amount

3. Test for 
marine 

condition

4. Corrosion 
loss vs. time

=

Actual test

1. Actual 
Chloride 

distribution

Condition of ACTE™ Test (ISO 16539 Method B)

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

jfe-tec.co.jp



Design an Accelerated Corrosion Test Method

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

49 98 147

, days



Life Prediction

Marine (Gulf of Thailand) Marine (Andaman)

n1 > 0.5 n2 < 0.5

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

Marine (Gulf of Thailand) Marine (Andaman)

n1 > 0.5 n2 < 0.5 nCS > 0.5
nWS < 0.5

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

17
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Infrastructure 

2. 
Accelerated

Test

3. Life 
Prediction

1. 
Monitoring 
& Exposure 

test

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

ACTE™ 



Rolling stock components

2. 
Accelerated

Test

3. Life 
Prediction

1. 
Monitoring 
& Exposure 

test

ACTE™ 



ACM sensor monitoring

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



2. 
Accelerated

Test

3. Life 
Prediction

1. 
Monitoring 
& Exposure 

test

CR [g/m2/ y]
Accelerated test method for Thailand

-performance ranking
-material/coating selection
-database generation

Add more data 
to 

Thailand 
corrosion map

• Maintenance 
optimization

• Data for life 
cycle cost 
analysis

hochschule-heidelberg.de

materialsperformance.com

W. Pongsaksawad et al., APCCC18, 2018.

Goals
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Thank you

Wanida Pongsaksawad, Ph.D.
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GIS: Corrosion rate

Dr. Cole’s model

Cl- = A*exp(-Bx)

CR = f(T,RH)

CR = f(RF, Cl-)

T, RH, Rainfall
National data

Interpolation: 
IDW

Interpolation: 
IDW

I. Cole et al., Corr. Sci. Techno., Vol. 38, (2003)
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Inverse Distance Weighting Interpolation
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An unknown value is calculated by inverse distance weight from 
the known value points. 

https://www.e-education.psu.edu/geog486/node/1877




