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Dynamic Response Analysis of Railway Embankments Based
on Korean Design Standards
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Abstract

In this study, a finite-element-based numerical model was developed to analyze the dynamic behavior of railway
embankment structures under seismic loading. The embankment model was constructed based on the standard slope
of high-speed railway embankments specified in Korean design codes, while the underlying soil was modeled under
various conditions based on Korean ground classification standards. Dynamic analyses were conducted using OpenSees
by varying the bedrock depth and the shear wave velocity of the soil layers. The dynamic behavior of the embankment
structure was evaluated primarily based on settlement at the embankment crest. The analysis results indicate that
embankment settlement increases with increasing thickness of the underlying soil layer and decreasing shear wave
velocity. In addition, the frequency characteristics of the input ground motion were found to have a substantial impact

on the dynamic response of the railway embankment.
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Table 1. Input motions §
Earthquake | During time (s) | Peak Ground Acceleration (g)
Kobe 25 0.276 ‘“" Time (s)
Kocaeli 30 0.248 (c) Northridge (RSN989_NORTHR_CHLO070_NS_x1.5)
Northridge 22.75 0.275 Fig. 1. Input acceleration time histories
0.03 0.018 0.03
0.016
0.025 0.025
0.014
. 0.02 L 0012 . 002
E R E
= 0015 = £ 0015
& £ 0008 &
<001 < 0.006 <4 001
0.004
0.005 0.005
0.002
0 0 aie 0
0 10 20 30 ) 50 0 10 20 30 40 50 0 10 20 30 40 50
Frequency (Hz) Frequency (Hz) Frequency (Hz)
(a) Kobe (b) Kocaeli (c) Northridge

Fig. 2.

FFT analysis results of the input ground motions
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Table 2. Ground classification criteria (KDS 17 10 00)
s s Classification Criteria
oil Type Description of Soil
P P Depth to Bedrock, H (m) Shear Wave Velocity, V, ..., (m/s)
5 Rock H -
S, Shallow, stiff soil > 260
1< H <20
Sy Shallow, soft sail < 260
S, Deep, stiff soil > 180
H »20
S5 Deep, soft soil < 180
Table 3. Analysis case
Case No. Embankment height (m) Depth to Bedrock, H (m) Shear Wave Velocity, V, .., (m/s) Soil Type
1 8 1 330 5
2 8 13 330 S,
3 8 13 200 S
4 8 28 280 5
5 8 28 160 S5

40m

180m

Fig. 4. Model cross—section of the embankment structure
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Table 4. Sensitivity test result

Model width (m) Settlement (m)
60m 0.1324
100m 0.1533
140m 0.1591
180m 0.1591
220m 0.1594
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Table 5. Physical properties of soil and its consolidation characteristics

Parameters V., =160m/s V. =200m/s V. =280m/s V., =290m/s V. =330m/s
Density (ton/m°) 17 175 19 191 1.95
Poisson’s ratio 0.38 0.35 0.3 0.29 0.27

ShearModulus (kPa) 43,520 70,000 148,960 160,631 212,355
BulkModulus (kPa) 166,826.7 210,000 322,746.7 328,911.1 390,856.3
FrictionAng (°) 30 3 33 33 35
PeakShearStrain 0.1 0.1 0.1 0.1 0.1
PressDependCoe 0.5 0.5 0.5 0.5 0.5
PTANng () 29 27 27 27 27

Contrac 0.21 0.07 0.05 0.05 0.03
Dilatt 0 0.4 0.6 0.6 0.8
Dilat2 0 2 3 3 5

Table 6. Rock material properties

Table 7. Analysis results of settlement under all input ground

Parameters Value
Elastic modulus (kPa) 3,600,000
Poisson’s ratio 0.2
Density (ton/m°) 2.34
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Fig. 5. Analysis results under the Kobe ground motion
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Fig. 6. Representative acceleration response of Case 5 under the
Kobe ground motion

Table 8. Peak ground acceleration at the embankment crest under
the Kobe ground motion

Case No. Peak acceleration (g)
1 0.344
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0.398

0.440
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