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A Study on Evaluating Damage to Railway Embankment Caused
by Liquefaction Using Dynamic Numerical Analysis

3 9 & Ha, Ik-Soo

Abstract

This study selected the indexes for evaluating the damage of the railway embankments due to liquefaction from the
earthquake damage cases of railway embankments. The study correlated the selected indexes and the settlement of the
embankment crest from the dynamic numerical analysis. Further, the correlation was used to develop a method for
evaluating the liquefaction damage to the railway embankment. The damage cases and damage types were analyzed,
and referring to the liquefaction damage assessment method for other structures, the embankment height (H), the
non-liquefiable layer thickness (Hi), and the liquefaction potential index were selected as indexes for evaluating the
damage. The study performed dynamic effective stress analyses on the railway embankment, and the PM4-Sand model
was applied as the constitutive liquefaction model for the embankment foundation ground. The model’s validity was
first verified by comparing it with the existing dynamic centrifugal model test results performed on the railway embankment.
Nine sites where the foundation ground can be liquefied were selected from the data of 549 embankments of the Honam
High-speed Railway in Korea. Further, dynamic numerical analyses using four seismic waves as input earthquake load
were performed for the selected site sections. The numerical analysis results confirmed the correlation between the
evaluation indexes and the embankment crest settlement. A method for efficiently evaluating the damage to the embankment

due to liquefaction was proposed using the chart obtained from this correlation.
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Table 1. Railway embankment deformation level and settlement criteria for damage state of embankment (RTRI, 2013; Ohki et al., 2013).

Deformation level Damage state Criteria of settlement

1 No damage No damage

Minor damage Less than 20cm

Damage that can be recovered with emergency measures 20cm or more to less than 50cm

Alw (N

Damage that takes a long time to recover 50cm or more
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Fig. 1. Input acceleration for 2-=D dynamic numerical analyses

Table 2. Basic information of site sections for dynamic analysis

) Embankment Non—liquefiable layer ) .
Site height (m) thickness (m) Soil layer Composition
BHI—71 9.20 140 Landfill (silty clay), weathered soil (loose or dense sand), bedrock (weathered
or soft rock)
B3-36 9.20 540 Sedimentary soil (gravel sand), weathered soil (loose or dense sand), bedrock
(weathered or soft rock)
B3-37 9.20 360 Sedimentary soil (gravel sand), weathered soil (loose or dense sand), bedrock
(weathered or soft rock)
B3-37b 9.20 4.40 Sedimentary soil (gravel sand), weathered soil (loose or dense sand), bedrock
(weathered or soft rock)
B3-38 9.20 360 Sedimentary soil (gravel sand), weathered soil (loose or dense sand), bedrock
(weathered or soft rock)
B3-41 9.00 6.00 Landfill (silty clay), weathered soil (loose or dense sand), bedrock (weathered
or soft rock)
B3-42 397 5.00 Landfill (silty clay), weathered soil (loose or dense sand), bedrock (weathered
or soft rock)
Bo-18 970 460 Sedimentary soil (gravel sand), weathered soil (loose or dense sand), bedrock
(weathered or soft rock)
BHO-314 720 470 Landfill (silty clay), weathered soil (loose or dense sand), bedrock (weathered
or soft rock)

152 =Bt sel=Ed

K38 Mi1=



9.20
Unit : m Gravel
140] Silty Clay | ==
ST
17.6 Sand
17.0 Dense Sand
5.00 | Bedrock |
. T TINTTTTIoTT

Fig. 2. Soil layers and mesh for dynamic numerical analysis (BH1-71 site section)
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Fig 3. Input earthquake records
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Fig. 4. Centrifuge model experiment and the experimental results

Table 3. Index properties of soils

Gs Dso (mm) Dio (mm) Emax €min Permeability (m/sec)
2.65 0.19 0.14 0.973 0.609 2x107
2.65 0.10 0.041 1.333 0.703 2x107°
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Fig. 5. Comparison of embankment crest settiement obtained by
numerical analysis and centrifuge model test

(N) : Numerical Analysis
(M) : Centrifuge Model Test
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Fig. 6. Comparison of the maximum excess pore water pressure ratio
distribution obtained by numerical analysis and centrifuge
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Table 4. LPI calculated according to input earthquake for site sections

LPI
Site Hachinohe OLE Ofunato OLE Hachinohe CLE Ofunato CLE
(0.063g) (0.063g) (0.154g) (0.154g)
BH1-71 1.2 0.0 439 29.8
B3-36 0.0 0.3 17.9 13.0
B3-37 07 0.8 55 6.6
B3-37b 0.0 05 6.0 77
B3-38 03 23 93 125
B3-41 145 7.1 34.4 31.6
B3-42 12,6 34 353 317
B2-18 77 9.9 275 27.8
BH2—-314 7.0 12.2 237 26.5
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Fig 8. Distribution of excess pore water pressure ratio calculated by numerical analysis (BH1—71 site section)
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Fig. 9. Permanent deformation of embankment section (BH1-71 site)
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Table 5. Settlement of embankment crest calculated by numerical analysis

Crest settlement (cm)

Site Hachinohe OLE Ofunato OLE Hachinohe CLE Ofunato CLE
(0.1549) (0.063g) (0.154g) (0.063g)
BH1-71 1.52 115 70.95 63.78
B3-36 5.71 572 45.00 25.24
B3-37 0.89 1.25 21.61 2271
B3-37b 2.07 1.99 19.88 24,08
B3-38 2.90 3.92 25.86 3177
B3-41 273 0.77 22.78 14.03
B3-42 0.7 0.35 8.998 6.53
B2-18 1,65 0.63 20.18 2292
BH2-314 1.05 0.50 15.73 17.86

Table 6. Liguefaction damage assessment index and embankment crest settlement due to foundation ground liguefaction calculated by
numerical analyses

Site Seismic wave | Performance level H (m) Hi (m) d/H Hi/H LPI
) OLE 0.17 1.2
Hachinohe
CLE 7.1 439
BH1-71 9.7 14 0.15
OLE 0.15 0.0
Ofunato
CLE 6.93 29.8
i OLE 0.62 0.0
Hachinohe
CLE 489 17.9
B3-36 9.2 24 0.26
OLE 0.26 0.3
Ofunato
CLE 274 13.0
) OLE 0.10 0.7
Hachinohe
CLE 2.35 55
B3-37 9.2 3.6 0.39
OLE 0.39 0.8
Ofunato
CLE 247 6.6
) OLE 0.23 0.0
Hachinohe
CLE 2.16 6.0
B3-37b 9.2 4.4 0.48
OLE 0.48 0.5
Ofunato
CLE 2.62 77
) OLE 0.31 0.3
Hachinohe
CLE 2.81 9.3
B3-38 9.2 3.6 0.39
OLE 0.39 23
Ofunato
CLE 3.45 125
) OLE 0.30 14.5
Hachinohe
CLE 2.53 344
B3-41 9.0 6.0 0.67
OLE 0.67 71
Ofunato
CLE 1.56 31.6
i OLE 0.18 12.6
Hachinohe
CLE 227 353
B3—42 4.0 5.0 1.26
OLE 1.26 34
Ofunato
CLE 1.64 31.7
i OLE 0.17 7.7
Hachinohe
CLE 0.02 275
B2—18 9.7 4.6 0.47
OLE 0.47 9.9
Ofunato
CLE 0.02 278
} OLE 0.15 7.0
Hachinohe
CLE 218 237
BH2-314 7.2 4.7 0.65
OLE 0.65 12.2
Ofunato
CLE 2.48 26.5
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