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Development of Railway Vibration Evaluation System
Using Actual Railway Vibration Database

Lee Hyunjun® - Seo Eun Seong™ - Hwang Young Sup™

ABSTRACT

Recently, it is necessary to develop a technology for quantitatively evaluating railway vibration to prevent civil complaints about orbital
structures caused by railway noise and normal operation of ultra—precise equipment of orbital industrial complexes. The existing analytical
method requires a very complicated dynamic response model, and it is difficult to secure the reliability of the result due to the inaccuracy
of the demand model. Therefore, in this paper, we propose a railway vibration evaluation algorithm and system that deduce the vibration
value generated from railway operation by using Linear Regression and Gradient Descent technique based on actual measurement railway
vibration database that classifies factors affecting railway vibration. The prediction results obtained by the proposed algorithm show higher
efficiency and accuracy than the existing analytical methods.

Keywords : Railway, Vibration&Noise Database, Gradient Descent, Inference System
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Table 1. Railway Vibration Impact Factor

class 1 class 2 explanation
Type KTX, Saemaeul, Mugunghwa-ho, subway, etc..
Speed Km/h
Rolling stock Number of Car number of cars including locomotive
Wheel steel wheel, resilient wheel
Running Condition one way train ,turnout train
Reduction type floating slab track, vibration isolation mat, elastic rail fastener, sleeper pad
Rail roughness rail roughness
Track
Connection conventional rail, continuous welded rail
Track structure ballasted track, slab track
Tragij;i?g;tmg Structural system civil engineering section, bridge sections, tunnel section
Type reclamation soil, sedimentary soil, sedimentary rock, soft rock,etc.
Ground
Depth m
Distance measuring distance from line
Location Height height from line
Point ground, vibration affected structure
1205 23 M Xz oy & ¥ FE2 L12|F
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Fig. 1. Effect of Factors Affecting Railway Vibration and Noise Mugunghwa-ho,61km/h. Conventional rail
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Table 2. Activation Function

hypothesis equations training factor
Exponential y= wlewﬂ Wy, Wy
Linear Y=w T+ w, Wy 5 Wy
Logarithm y=wln(z)+w, Wy W,
Polynomial y= wlx +wyr +wy Wy, Wy, W3
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cost = %E(H(x(‘)) —y(i))2 )

+ Exponential ¥y = w;e“™" + Linear ¥ = w;x + @,

+ Logarithm ¥ = @; In(x) + w, + Polynomial ¥ = 1%+ Wk + ws

Fig. 4. Example of Hypothesis

Table 3. Result of Hypothesis Cost

Distance | target exp linear log poly
5 62.9 754102 63.74 66.89665 | 61.158
10 63.5 56.43787 61.18 5893932 | 61.091
20 53.8 49.06472 54.06 50.98199 | 54.882
40 39.6 37.08232 39.82 43.02466 | 39.364
COST 2304 8.8 476 76
Table 3¢l 4 & 4= 915c0], 45 60km, 3 5t3.9] 7-F-o14
Aelel me A% A% ghlarget s M FAH 23S wol =
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Conventional rail Ground 7 ITX-Saemaeut=— Ballasted track ~———— Civil engineering Flat
4 section
Vibration isclation ma J—} Track structure ! Slab track *ﬁ «\—\ Bridge sections - Embanked area
Elastic rail fastenes N Tunnel section - Cut
Floating slab tracke Steel bridge
Vibration free tracl Concret bradge
{underground)
* Ground
KTX-Sancheo
Under ground
Freight
diesel car
HEMMU
Tilting Train
Saemaeul
Freight
electric car
Fig. 8. Number of Vibration-Induced Factors Selected
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B g}o %) & Ywww) AollA FREEE LEs g = Table 4. Example of Input Data
° .
@ AR RE QHD A Fuela 2gol uel dole] P~ s
011“-011/‘1 FE=T FAF HlolHe 2] 74 BAE SR - .
Measuring distance from line 15m
Hel dg}ﬂr' Rolling stock t KTX
N olling stock type
Table 55 2% % 7 13m, 20me} vlo]gnlo] 25 7]uk
e . Rolling stock speed 193 Km/h
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Table 5. Result of Prediction

Freq.(Hz) 13m 15m 20m
10 8.1 49 6.0
125 6.1 4.8 4.1
16 153 5.67 10.7
20 29.7 21.47 285
25 39.3 36.2 36.9
315 452 43.72 39.7
40 66.8 80.58 80.5
50 89.8 89.21 72.6
63 105.6 100.53 66.5
80 71.1 71.46 55.9
100 69 70.78 62.3
125 65.7 58.3 52.7
160 59.2 65.8 58.5
200 52.8 495 571.7
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Fig. 10. Place of Measurement & Vibration Sensor
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Fig. 12. Analytical Model
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Table 6. Input Data

factor value

Measuring distance from line 15m
Rolling stock type subway
Rolling stock speed 42 Km/h

Track structure Ballasted track

Track connection Conventional rail

Measurement Point Ground

Table 7. Accuracy Comparison
(Analysis or Prediction / Real Data * 100)

Frequency(Hz) Analysis Prediction
10 80% 100%
125 81% 9%
16 5% 84%
20 70% 95%
25 70% 94%
315 70% 88%
40 69% 104%
50 69% 93%
63 62% 91%
80 69% 100%
100 1% 92%
125 5% 93%
160 81% 103%
200 71% 128%
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