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A Proposal on the Simple and Easy Method of Seismic Response Calculation
of Embankments Considering Vertical Seismic Motion

Yoshiya HATA, Takashi TSUCHIDA, Seiji KANO and Norihiko YAMASHITA

Since the UD direction ground motions of the Hyogoken-nambu and Niigataken-chuetsu earthquakes

were very large, it suffered the seismic damage that earth structures was very enormous. However, the
effects which vertical seismic motion exerts on the destruction of embankment aren’t taken sufficiently
into account in the seismic design of earth structures. So, in this study, the simple and easy calculation
method of seismic response calculation that the vibration characteristics in the horizontal and vertical
direction of embankments were taken into consideration at the same time is proposed. Then, the modified
Newmark method that response characteristics in both directions of embankments were taken into

consideration is proposed.
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Fig.1 The previous response models of embankments
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Table 1 Material parameters of embankments

Width of crest B (m) 8

Height of embankment H (m) 9
Gradient s (-) 1:1.8

Unit of weight y (kN/m®) 18

Cohesion ¢ (kPa) 10

Internal friction angle ¢ (deg.) 30
Shear wave propagation velosity Vs (m/sec) 100
[The equivalent height of embankment H z (m 3.64
Horizontal /4 3.15
Natural fi

atural frequency f (Hz) Vertical/, 24l
Horizontal /4 5.0

Dampi fficient & (%)
amping coefficient £ (%) Vertical, 50
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Table 2 Analytic case

The response model

Case No. of embankments input earthquake motion
Case 1 Horizontal SDOF model | Horizontal earthq. motion

The condition of

Case 2 Vertical SDOF model Vertical earthq. motion

C_ase 3 Rocking SDOF model | Horizontal earthq. motion

Case 4 Rocking SDOF model Vertical earthq. motion

Horizontal and Vertical

Case 5 Rocking SDOF model .
earthq. motion

Case 6 Cross spring model Horizontal earthq. motion
Case 7 Cross spring model Vertical earthq. mtion
Case 8 Cross spring model Horizontal and Vertical

earthq. motion
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