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Introduction

ÁHigh-speed Railway
ÁRailway is known to be energy efficient and environment-friendly. 

ÁConsidered as a green and safe transportation. 

ÁNetworks of railways have been constructed in many industrialized 
nations. 
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LƴǘǊƻŘǳŎǘƛƻƴ όŎƻƴǘΩŘύ

Á Korea Train eXpress(KTX)

Á.ŀǎŜŘ ƻƴ CǊŀƴŎŜΩǎ ¢D±

Á Operating since April 1, 2004

Á Time from Seoul to Busan: 4 hr. 20 min. Ą 2 hr. 20 min.

Á High social and economical impact in Korea

Á KTX Speed 

4

KTX KTX-Sanchon Hemu-430X

Max. speed Design 300km/h 350 km/h 430 km/h

Operation 300 km/h 300 km/h 370 km/h

KTX-Sanchon Hemu-430X
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Á Design code of Korea Railway regulates that the railway should be designed 
considering traffic safety and passenger comfort.  

Á The design criteria for a railway bridge are vertical acceleration, displacement and 
twist.

Á For trains run over 350km/h, it is required to evaluate those criteria based on the 
measurement.

Á Design criteria for railway bridge stability

Criteria Value

Maximum vertical acceleration

at deck level
amaxҖ 0.5g

Maximum twist per unit 3m length 

of deck (V>350km/h)
maxҖмΦн mm/ 3m

Maximum vertical deflection to 

span length ratio (V>350km/h)
<82mm (safety),<22mm( comfort)

Stability Evaluation of Railway Bridges
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Displacement Sensing

ÁDisplacement measurements

Laser Doppler Vibrometer

Vision-based System

Total Station

LVDT

GPS

Indirect Estimation

Non-Contact Contact
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Reference point, Expensive equipment, 
Measurement at multiple points

Practical issues
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Indirect Displacement Estimation

Á Indirect Displacement Estimation

Á Other measurements such as acceleration can be used

Á Double integration of acceleration to obtain displacement

Á Low frequency drift in u(t)

Å Incomplete information in discrete data

Å Measurement error

Å Unknown initial conditions

7

 ( ) ( )u t a t dt=ññ

0 50 100 150 200 250 300 350 400 450 500
-0.04

-0.03

-0.02

-0.01

0

0.01

0.02

0.03

time

d
is

p
la

c
e
m

e
n
t

 

 

Target

EstimatedTarget

Estimated



The 3rd UNIST International Symposium on
Sustainable and Resilient Urban Infrastructure

2 1 2 2

2 1 2 2

( ɚ ) ( ( ) ɚ )

( ɚ ) ( ) ɚ

T T

a

T T

a

t

t

-

-

= + D +

ë û
è ø= + D ì üê ú

í ý

u L L I L L a D Ů

a
L L I L L D

Ů

Displacement Estimation using Multimetric Data

ÁUse of acc. and strain to estimate nonzero mean displacement 
for beam structures

ÁStrain-displacement relationship
Á Shin et al. (2009): 

Å Simple beam assumption

Á FE model
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Strain provides information of low 
frequency components
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Data Acquisition System
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Traditional DAQ System

Wireless Network


