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Variation

ABSTRACT

The ground motions of large dimensional structures such as long span bridges at different stations during an earthquake, are inevitably
different, which is known as the ground motion spatial variation effect. There are many causes that may result in the spatial variability
in seismic ground motion, e.g., the wave passage effect due to the different arrival times of waves at different locations; the loss of
coherency due to seismic waves scattering in the heterogeneous medium of the ground; the site amplification effect owing to different
local soil properties. In previous researches, the site amplification effects have not been considered or considered by a single-layered soil
model only. In this study, however, the ground motion amplification and filtering effects are evaluated by multi-layered soil model.
Spatially varying ground motion at the sites with different number of layers, depths, and soil characteristics are generated and the
variation characteristics of ground motion time histories according to the correlation of coherency loss function and soil conditions are
evaluated. For the bridge system composed of two unit bridges, seismic behavior characteristics are analyzed using the generated
seismic waves as input ground motion. Especially, relative displacement due to coherency loss and site effect which can cause the
unseating and pounding between girders are evaluated. As a result, considering the soil conditions of each site are always important
and should not be neglected for an accurate structural response analysis.
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Fig. 1. Description of Transfer Function and Coherency Loss
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Fig. 3. Structural Model of Bridges
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ATHI(EESK, 1997)2] A|uke] B

0<t<t,

t,<t<t,
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Bridges Mass (10° kg/m) EA (10’ kNm?®) EI(10" kN m?) Length (m)
Slab 23.0 24.6 10.20 90
PSC Beam -
Pier 8,53 9.09 2.55 11.5
Slab 16.6 342 6.63 80
Steel Box -
Pier 9.62 10.26 3.14 11.5
Table 2. Soil Properties at the "Firm Soil"
Layer Number Layer Thickness (m) | Unit Density (kg/m3) Shear Wave Velocity (m/s) Poisson's Ratio Damping Ratio
1 10 2000 500 0.33 0.05
Base Rock 3000 1500 0.33 0.05
Table 3. Soil Properties at the "Medium Soil"
Layer Number Layer Thickness (m) | Unit Density (kg/m’) | Shear Wave Velocity (m/s) Poisson's Ratio Damping Ratio
1 20 2000 300 0.33 0.05
2 10 2000 500 0.33 0.05
Base Rock 3000 1500 0.33 0.05
Table 4. Soil Properties at the "Soft Soil"
Layer Number Layer Thickness (m) | Unit Density (kg/m’) | Shear Wave Velocity (m/s) Poisson's Ratio Damping Ratio
1 20 2000 100 0.33 0.05
2 20 2000 300 0.33 0.05
3 10 2000 500 0.33 0.05
Base Rock 3000 1500 0.33 0.05
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Table 6. PGA of Each Site and Maximum Displacement Responses of the Bridges
Firm Medium Soft
PGA (nv/s%) 1.76 2.75 2.71
. Left Right Relative Left Right Relative Left Right Relative
Displacement(mm)
13.5 12.9 17.5 18.9 18.9 21.0 54.6 272 23.9

—— Firm
- = = Medium
— - — Soft

Firm

- = = Medium
— - — Soft

10
Time(s)

(a) Displacements at Left Bridge

10
Time(s)

(b) Displacements at Right Bridge

\ —— Firm
R - - - Medium
N ,— - — Soft

10
Time(s)

(c) Relative Displacements

Fig. 9. Displacement Responses at Each Soil Type
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Table 7. Maximum Total Relative Displacement Responses of the
Bridges at Highl Correlation

Left Right Firm Medium Soft
Firm 31.0 34.7 46.0
Medium 322 35.6 383

Soft 75.1 75.0 67.8

Table 8. Maximum Total Relative Displacement Responses of the
Bridges at Intermediatel Correlation

Left Right Firm Medium Soft
Firm 40.6 43.6 58.5
Medium 419 44.7 S51.4

Soft 75.8 75.2 79.2

Table 9. Maximum Total Relative Displacement Responses of the
Bridges at Weakl Correlation

Left Right Firm Medium Soft
Firm 53.2 55.0 774
Medium 54.7 56.5 73.6

Soft 83.0 84.2 93.8
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Fig. 10. Total Relative Displacement Responses of Bridges
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