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A Study on Reliquefaction Behavior of Railway Embankment
Using 1g Shaking Table Test

A w3 Chae, Minhwan S 9 # Yoo, Mintaek

o] a4 3 Lee, 11-Wha o] @ A Lee, Myungjae

Abstract

The purpose of this study is liquefaction phenomenon was simulated using the 1g shaking table test. Analysis of
liquefaction and Re-liquefaction behavior according to the ground conditions was analyzed when an embankment exists
above the ground. The soil used in the experiment was silica sand and the ground composition was a liquefied layer
of 50cm (Case 1), a non-liquefied layer of 17.5cm and a liquefied layer of 32.5cm (Case 2). The embankment was
formed by fixing the height of 10cm and the slope of the slope at a ratio of 1:1.8. For seismic waves, excitation of
a 5Hz sine wave was performed for 8 seconds, and a total of 5 case excitations were performed. In Case 1, it was
confirmed that liquefaction occurred at all depths during the first vibration excitation at the free-field and that liquefaction
did not occur at all depths except Scm at the third vibration excitation. At the center of the embankment, liquefaction
occurred up to a depth of 20cm during the first vibration excitation, and it was confirmed that liquefaction did not

occur at all depths except for a depth of Scm during the second vibration excitation.
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Fig. 1. Particle distribution of silica sand

Table 1. Basic property value of silica sand
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Parameter Value Table 3. The properties of the model embankment
Specific gravity, G, 2.65
Parameter Prototype Model
Maximum void ratio, e, 0.93
Top (cm) 1,400 35
Miniimum void ratio, e, ; 0.43
min Bottom (cm) 2,840 71
Relati ity, D. (%
elative density. ',( ) 2 Height (cm) 400 10
Angle of friction, ¢ (°) 30.5 Length (cm) 2,000 50
Mean parﬁcle SiZe, D’)O (mm) (OR) Volum (C’ITL:;) 1696 X 109 26,500
Uniformity coeffcient, C, 2.89 Density (kg/m®) 2,000 2000
Coefficient of curvature, C. 1.07 Load (kg) 3,392,000 53
Permeavility, k (m/s) 251x107 Stress (kg/m?) 5,971.83 149.30
Table 2. Similitude for model tests in 1g shaking table tests (lai, 1989)
Scaling factors (A = 40)
Parameter Generalization of Type 1 Type 2 Type 3
similitude A, =1 A=A =1 A =10, =1
Length A A A A
Density A, 1 1 1
Time (,)0? (n,)0? NOT5 A0
Acceleration 1 1 1 1
Displacement A\, AN, ALS A
Stress A\, A A A
Strain A, A, 205 ,
Pore pressure AN, A A A
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(5) Embankment and LVDT installation
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Table 4. Experimental conditions

Case Composition of facilities Thickness of the lower Thickness of the upper Note
P liquefied layer (cm) Non—liquefied layer (cm)
Case 1 Embankment 50 0 Pgrformance with 1~5
Case 2 | (h'=10cm, Slope 1: 1.8 Fix) 32 7 vibrations 1o confirm
ase 5 ) Re—liquefaction behavior
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Fig. 7. 1 shaking event pore water pressure ratio by depth at the center of the embankment and free field (case 1)

Table 5. Pore water pressure ratio by depth in the center of the embankment (case 1)

50

Number of Pore water pressure ratio Pore water pressure ratio Pore water pressure ratio Pore water pressure ratio
event (depth 5cm) (depth 20cm) (depth 30cm) (depth 40cm)
1st 2.001 1.05 0.943 0.982
2nd 1.376 0.903 0.831 0.881
3nd 0.839 0.839 0.811 0.818
4nd 0.496 0.785 0.744 0.806
5nd 0.49 0.735 0.735 0.776
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Fig. 8. 3™ shaking event pore water pressure ratio by depth at the center of the embankment and free field (case 1)
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Table 6. Pore water pressure ratio by depth in the center of the free field (case 1)

Number of Pore water pressure ratio Pore water pressure ratio Pore water pressure ratio Pore water pressure ratio
event (depth 5cm) (depth 20cm) (depth 30cm) (depth 40cm)
1st 1.643 1.157 1.073
2nd 1.375 0.946 0.967
3nd 1.007 N/A 0.895 0.922
4nd 0.827 0.882 0.847
5nd 0.817 0.817 0.735
Table 7. Relative density to settlement in the middle of the embankment (case 1)
Number of event Shake 1 Shake 2 Shake 3 Shake 4 Shake 5
Settlement 49,027 16.602 7.322 3.834 3
(Accumulated settlemnet), mm (49.027) (65.629) (72.951) (76.785) (79.785)
Relative density, % 59.4 63.9 65.9 66.9 67.3
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Fig. 10. LVDT in the middle of the embankment (case 1)
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Table 8. Pore water pressure ratio by depth in the center of the embankment (case 2)

Number of Pore water pressure ratio Pore water pressure ratio Pore water pressure ratio Pore water pressure ratio
event (depth 10cm) (depth 20cm) (depth 30cm) (depth 40cm)
1st 0.204 0.194 0.146 0.137
2nd 0.204 0.227 0.171 0.137
3nd 0.469 0.356 0.268 0.255
4nd 1.028 1.426 1.147 1.057
5nd 0.964 1.071 0.908 0.973
6nd 0.886 0.963 0.866 0.939

Table 9. Pore water pressure ratio by depth in the center of the free field (case 2)

Number of event Pore water pressure ratio Pore water pressure ratio Pore water pressure ratio Pore water pressure ratio
(depth 5cm) (depth 20cm) (depth 30cm) (depth 40cm)
1st 0.432 0.22 0.176
2nd 0.432 0.22 0.176
3nd 0.617 0.39 0.274
N/A
4nd 1.77 1.18 1.106
5nd 1.071 1.135 1.046
6nd 0.674 1.091 1.011




Table 10, Relative density to settlement in the middle of the embankment (case 2)

Number of event Shake 3 Shake 4 Shake 5 Shake 6 Shake 7 Shake 8
Settlement 0.23 39.863 24.039 9.935 4471 2.723
(Accumulated settlemnet), mm (0.23) (40.093) (64.132) (74.067) (78.538) (81.261)
Relative density, % 52.6 55.2 58,5 62 63.1 63.9
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Fig. 13. LVDT in the middle of the embankmen (case 2)
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density (middle of the embankment, case 2)
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