Journal of the Korean Society of Agricultural Engineers
DOI : https://doi.org/10.5389/KSAE.2018.60.2.095

HSES

X|HHeH

Vol. 60, No. 2, pp. 95~101, March 2018
ISSN 1738-3692 | elSSN 2093-7709

T2f3H e NISHEISHHIO| HEEX H

Probabilistic Analysis of Liquefaction Cyclic Stress Ratio Considering Soil Variability
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Abstract

The objective of this study is to evaluate the liquefaction cyclic shear stress ratio considering the soil uncertainty. In this study, the probabilistic ground
response analysis and the cyclic shear stress ratio analysis for the liquefaction potential evaluation are performed considering the soil variability. The
statistical properties of input ground parameters were analyzed to investigate the parameters affecting the seismic response analysis. The Probabilistic
analysis was carried out by Monte Carlo Simulation method. The ground response analysis was performed considering the soil variability and the
probability distribution characteristics of the ground acceleration. The probability distribution of the peak ground acceleration by seismic characteristics
was presented. The differences of liquefaction shear stress ratio results according to soil variability were compared and analyzed. The maximum
acceleration of the ground by the deterministic method was analyzed to be overestimation of the ground amplification phenomenon. Also, the shear stress

ratio was overestimated.
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Ground response analysis

<Variability of random>

- Normalized shear modulus : COV(G/Gmax)
- Damping ratio : COV(D)

- Shear wave velocity : COV(Vs)
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Analysis of Cyclic
Fig. 1 Flow chart for probabilistic cyclic stress ratio analysis
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Fig. 3 Flow chart the proposed reliability method for liquefaction analysis

Table 1 Summary of physical properties

@il e Elevation Thickness | Sample Position V% FC Gs w LL Pl
(m) (m) (m) (kN/m?) (%) (%) (%) (%)
Silty Sand 0~-13.0 13 -38 17.4 15.8 2.65 26.2 N.P N.P
Clay & Silt -13.0 ~—24.0 1 -14.4 17.7 88.7 2.66 311 27.2 241
Clay & Silt —24.0 ~-29.0 5 - 17.7 96.4 2.67 39.0 32.0 27.0
Weathered soil | —29.0 ~-33.0 4 - 18.2 - - - - -
Weathered rock | —33.0 ~ - - 19.7 - - - - -
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Fig. 4 Relationships between SPT—N and shear wave velocity
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Fig. 6 Ground response analysis by deterministic approach
Table 2 Coefficient of variation (COV) of unit weight
Test Range P25 P75 Median Mean SD cov pdf
Unit weight
(kN/mag) 11.97~26.08 17.60 18.46 18.03 18,01 0.81 0.04 Normal
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Fig. 7 Calculated probability density function of seismic wave

Table 3 Statistics and best fitting pdf of peak ground acceleration
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Seismic Deterministic Range P25 P75 Median Mean SD cov No. of test pdf
Ofunato 0.160 0.073~0.17 0.097 0.115 0.105 0,107 0.015 0,142 1000 LN
Hachinohe 0.161 0.088~0.198 0.148 0.167 0.158 0.157 0.015 0.095 1000 N
Avrtificial 0.146 0.042~0.213 0.123 0.150 0.138 0.136 0.022 0.167 1000 N
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Table 4 Calculated cyclic stress ratio (depth level(—)1.0 m)

Seismic Deterministic Max. Acc Range P25 P75 Median Mean SD Ccov
Random variable 0.102~0.264 0.139 0.168 0.152 0.154 0.023 0.149

Ofunato 0.231
Deterministic 0.198~0.284 0.223 0.240 0.231 0.232 0.014 0.060
Random variable 0.156~0.317 0.213 0.248 0.231 0.232 0.026 0.112

Hachinohe 0.237
Deterministic 0.205~0.,297 0.229 0.247 0.237 0.239 0.014 0.058
Random variable 0.113~0.335 0.177 0.263 0.199 0.202 0.034 0.168

Artificial 0.216
Deterministic 0.183~0.278 0.208 0.224 0.214 0.217 0.013 0.059
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Fig. 8 Comparison of cyclic stress ratio between acceleration—
random variable and acceleration—deterministic
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