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Hﬁ Taiwan High Speed Rail (THSR)

» Resolve the traffic jam problem.
» Shorten travel journey time.

» Breakthrough the economic bottleneck and increase
Investment.

» Offer job opportunity.
» Improve related industry output.
» Enhance transportation safety.
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L= Taiwan High Speed Rail (THSR)

@ Operational
Planned for 2016

oPending Taoyuan , Toipel o O The line opened for serviceon 5
i January 2007.

i

O THSR is a high-speed rail line that
runs approximately 345 km along the
west coast of Taiwan.

O Trains running at a top speed of 300
km/h.

O There are 11 operational Stations
now.

TAIWAN HIGH SPEED RAIL

L BAL O About 120,000 passengers per day.

O Electrification AC 25 kV/60 Hz
catenary.
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Map of Taiwan High Speed Rail Line.


https://en.wikipedia.org/wiki/File:THSR.svg
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Civil Works of THSR

» Most of the line is carried on
superstructures.

» About 251 km or 73% of the line runs
on viaducts.

» About 61 km or 18% of the lineis in
tunnels.

» About 30 km or 9 % of lines is
embankment.

tunnel embankmen
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AT Service Projects for THSR

e
Earthquake monitoring on post and bridge
- Ground,
= Post and
| Bridge
Dynamic
Behavior _
Electric V|3duclt
= Switch and Pote > -
N Vibration Vibration f\: 84 e
A ... Dynamic signal Evaluation Verify the resonance
Clarify relation between ] of viaduct and pole
electric switch and vibration evaluation TOI’
Transportation
el Safety _
o | NE Steel Bridge 3
Ziga | | {EPAa: = Bridge and and :
5L\ Turnout Train E
e Vibration Vibration 3
Clarify dynamical signal between Clarify relation between
steel structure and turnout brldge structure and train vibration
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%pverhead Catenary System Wire Vibration

» During speed-up testing the vibration in the
OCS were observed in the area of C 295 near
Zuoying station.

» Curved Section with radius of 1317 m in
C295.

»Long-term safety or function concern.
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1/3 Octave Band(Hz)

Wheel-rail noise frequency spectrum of

train passing by

Sensitivity: (£5%) 1 V/g

, . Accelerometer Selection for Vibration
|

€ The swing vibration of an electric power

wire belongs to low frequency vibration
which less than 20 Hz.

€ Wheel-rail vibration induced by the high

Real ms"2

*Frequency Range: (£5%) 0.5 Hz to 2000 Hz

*Resonance frequency 7000 Hz
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speed rail belongs to wide and high
frequency range which is more than 500 Hz.
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Vibration measurement result of Viaduct and Pole by WR 731A

Sensitivity: (£ 5%) 10 V/g
*Frequency Range: (£ 5%) 0.5 Hz to 450 Hz
*Resonance frequency 750 Hz




l‘@; Viaduct and Pole Dynamic Evaluation
|

o 10 accelerometers mounted on different locations of
viaducts and poles to measure vibration induced by
high speed train which with three different speeds of
70 km/h, 120 km/h and 170 km/h.

o A high-sensitivity accelerometer to measure the
environmental micro-vibration of viaducts and poles
for getting the natural frequency and damping ratio.

o Applying a hammer and an accelerometer to proceed
the experimental modal testing of pole for evaluating
Its motion behaviour.
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HW Outline

4. Viaduct and Pole Dynamic Evaluation
-- Vibration measurement
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H/%Vibration Measurement for Viaduct and Pole

€ Measurement locations

Locations include 4 eastern poles and viaducts which are located at TK 339+933, TK339+963, TK340+038
andTK340+063.

—)  SOUthbound

Northbound

TK 340+038 TK 340+063

l rh

LON
ST ) d

TK340 curved section Measurement locations
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H/%Vibration Measurement for Viaduct and Pole

€ Measurement directions and sensors arrangement

Northbound e Southbound

Tk 339 + 933 Tk 339 + 963 Tk 340 + 038 Tk 340 + 063

________ ] r - - e—— - -_— - -

| | i i
10 sensors for one | O | O O I O O Il 10 sensors for one
measurement set | | I : measurement set

e o — o — — J e o e —— 1

rail
> O o0 9 @O ©

QO Pole [ Viaduct | 3-axis accelerometer [l 1l-axis accelerometer

X-direction of vibration measurement is parallel to the direction of rail.
Y-direction is perpendicular to the rail.
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7; Vibration Measurement for Viaduct and Pole

€ Measurement preparation at night

) . Sensors on the
Cable connecting Final check

viaduct and pole
preesukiigdd Copyright 2016 ITRI

Signal recording system
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=L Vibration Measurement for Viaduct and Pole
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€ Measurement Time
Measurement time is from 08:00 A.M. to 10:00 P.M. 19 trains ran
southbound and northbound at 3 different speeds.
€ Measurement procedures

i Sensors mounting (2 sets, 6 3-dir

X vibr. sensors) on the floor /Cable
b connection to system System connection with .
B&K Pulse frequenc Power on vibration
hd analyzer q y »| measurement system
- Sensors fastened (2 sets, 4 X/Y-dir
| i vibr. sensors) on poles /Cable
= 5, connection to svstem ,

— o
Parameters setup: :fr:a-:i’llit(?a?ilgga’:zlest' start “Record” function on
—P» sampling rate: 1600 [P vibration calibratorat | > B&K analyzer for a long
time record
6.3 Hz
ME'scopeVES "™
—»| Data storage » Analysis on Me’scope software i g
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%Vibration Measurement for Viaduct and Pole

& Sensor calibration

Low frequency calibration system

Frequency range : 0.8 Hz to 100 Hz

In-site signal verification test with a low frequency vibrator

Exciting level : 97 dB (0 dB = 10°m/s?)
Accuracy : +0.5dB

Frequency : 6.3 Hz £+ 3%

Exciting table : 130 mm

Maximum load . 2.6 kg

Distortion . <5%(1 Hz-100 Hz)
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‘—*—- Vibration Measurement for Viaduct and Pole

€ Measurement and Analysis Methods

before passing by | train passing by | after passing by

o 21
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HW Outline

4. Viaduct and Pole Dynamic Evaluation

-- Natural Frequency

TR
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Natural Frequency test for Viaduct and Pole

Exciter or hammer is a good exciting source
These two exciting sources are not suitable
for measuring natural frequencies of viaducts
and poles.
o Background vibration at night is used as
exciting force to minimize noises from traffic.
o Background vibration is wide band vibration
signals and can excite the characteristics of
structures
o A higher sensitivity sensors are used for
measurement and natural frequencies are
shown from peak vibration signals in
frequency domain. j

O O

Sensor mounting position for
natural frequency measurement

Time domain data = ‘Wmm"“'m“""'* .‘“"M“‘WW I"“ m‘ l' Mll
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HW Outline

4. Viaduct and Pole Dynamic Evaluation

-- Modal Analysis
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| —- Modal Analysis for Pole’s Vibration

o Understanding natural frequencies
in Y direction and vibration modes.

‘ }*‘:‘:e'e“”“eter o Ahammer is used to hit 5
]_E> « > different positions on the pole.
> o An accelerometer is mounted on 400
30 . .
m |+ cm height from viaduct to measure
doem || g | e their response signals.
m 1 45 cm
45 . .
m |, o Signals are input to Me’scope
A 4 Y em H ’
AT AT O S v & S e analysis software to calculate poles
natural frequencies and modes.
:
Y o B
-3.0 SO‘DD T I IM"" T T T
0.00 0.10 0.20 0.29 0.39 T?l.::(s;l‘SQ 0.68 0.78 0.88 0.98 0.00 0.10 0.20 0.29 0.39 T?I.:S(S)O‘SQ 0.68 0.78 0.88 0.98 0 200 4(;25qumcyailil; 800 1000
Force time signal Accelerometer time signal Accelerometer frequency signal
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Measurement Results

> Vibration measurement results for trains passing with different speeds

Southbound - Train Speed ve, Max. Displacement @ TK3304933

Northbound - Train Speed vs, Max., Displacement @ TE3994933

Southbound - Train Speed ve. Mag, Displacement @TKI204963

Hotthbound - Train Speed s, Maz, Displacement @THI004563
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Vibration displacement for viaduct and pole of train running southbound or northbound with different speeds at different location

o Poles’ vibration is 2 to 4 times higher than viaduct’s vibration.
o Vibration of trains running southbound is higher running northbound
especially at speed of 150 km/hr to 170 km/hr.
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- Measurement Results

» Natural frequency measurement for viaducts and poles at night

e M2 ¥ Accelestion Autospect=> M#2 y hooelewtion Atospeotnum(Signal 2) - Input W=>
4+ 3Hz 6B =
e i % s
§ 100E-& MM %i 2.5Hz
—Localion [~ 73394933 | TK339+963 | TK340+038 TK340+063
W viaduct | pole |} viaduct viaduct viaduct pole
Y 3 2.9 2.25 2 : 2.15 2.25
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H% Measurement Results

» Measurement results of TK340+038 pole for its simulation analysis

MRl 1V6¥ [1] Acceleration Fre ney Besponee Hil=>

ool
6
Front (+X): 1.77 Hz /'_\‘
3 4/
Viaduct.
1 2
z
“{LL.Y
0 z
. . . Emp: 1.0, Dwell: 1 LY
The motion animation of : dersp: 0 R
viaduct and pole . —t )
6MEs@ 25 H=

o Hitting on 5 different points to get acceleration frequency response function.
o Using Me’scope software to sketch the whole pole structure.
o The first simulated natural frequency is at 2.5 Hz.
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../Video/Pole-Y Movie 2.Avi
../Video/0325_0918 Movie 1.Avi

= Conclusions

o From the measured data, vibration from southbound trains
IS higher than northbound.

o TK340is a curved section, a moment and higher vibration are

generated on the viaduct by the weight of the train and its
centrifugal force.

WL (Inner) Run EL (Outer) Run
Centrifugal Force | Gravity Force Centrifugal Force [ Gravity Force
v

Overturning
oment duc 10
entrifugal Force

Overturning
Moment due to
Centrifugal Force

Overturning Moment
due to Gravity Force

Overturning Moment
due to Gravity Force
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l‘r‘;; Conclusions

o Through Me’scope simulation software, it found that the motions of
two poles, and between viaduct and pole, are in the same direction
synchronously.

[TV ewr- 2 24 H=

[T — Y
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o Results of vibration testing from structural micro-vibration
measurement performed at night with low-frequency, high-sensitivity
accelerometers, it shows the natural frequency of viaduct is around
at 2 Hz to 3 Hz and poles’ around at 2.25 Hz to 2.5 Hz.

O Results of modal testing from a hammer hitting shows that poles’ first
natural frequency is 2.5 Hz, which is close to the results from
background vibration measurement.
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Conclusions

¥
H

o The major reason is aresonance occurred because the
frequency, 1.9 Hz, generated by trains passing, is close to
the natural frequency of the viaduct.

Fundamental(Lowest frequency is based on car length(25 m)
Additional frequencies are multiples of the fundamental

25m 25m 25m

-

[tem Value

Velocity 170x 1000

y = 1 70km/h = -=47.2m/s
. (mss) | T T 60%60
‘ g ‘,
llmc (= -Sm - 0.535
to run 25m
25m 25m 25m

Frequency
(Hz) " 0.53sec
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Hﬁ Conclusions

o Vibration induced by trains at 150 km/hr to 170 km/hr is much
higher than at other speeds.

o Therefore, trains decelerating could reduce the vibration and
electric wire swinging.
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Thanks for attention

Center for Measurement Standards/
Industrial Technology Research Institute
Bldg. 16, 321 Kuang Fu Rd, Sec. 2 Hsinchu, Taiwan




