A REEE =R A3z 5% 20179 5Y pp. 25 ~ 35 ISSN 1229-2427 (Print)
JOURNAL OF THE KOREAN GEOTECHNICAL SOCIETY ISSN 2288-646X (Online)
Vol.33, No.5, May 2017 pp. 25 ~ 35 https://doi.org/10.7843/kgs.2017.33.5.25

X8| SZHASdE defet Haelof 2lgh Holae| &5 oY

Probabilistic Analysis of Liquefaction Induced Settlement Considering
the Spatial Variability of Soils
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Abstract

Liquefaction is one of the major seismic damage, and several methods have been developed to evaluate the possibility
of liquefaction. Recently, a probabilistic approach has been studied to overcome the drawback of deterministic approaches,
and to consider the uncertainties of soil properties. In this study, the spatial variability of cone penetration resistance
was evaluated using CPT data from three locations having different variability characteristics to perform the probabilistic
analysis considering the spatial variability of soil properties. Then the random fields of cone penetration resistance
considering the spatial variability of each point were generated, and a probabilistic analysis of liquefaction induced
settlement was carried out through CPT-based liquefaction evaluation method. As a result, the uncertainty of soil
properties can be overestimated when the spatial variability is not considered, and significant probabilistic differences

can occur up to about 30% depending on the allowable settlement.
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Autocorrelation model Equation Scale of fluctuation
Single exponential (SNX) p(1) = exp(— kgyylr) 5=2/kevy
Cosine exponential (CSX) p(1) = exp(— kegdrl) cos (= kegdr) §=1/kesy

Second—order Markov (SMK) p(1) = exp(1+ kgl exp(— kgudr) 6= 4/kgu
Squared exponential (SQX) p(7) = exp(— kegdr)? 6= V7 [kox

* 7 = lag distance
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Fig. 1. Observed and de-trended q

Table 2. Summary of statistical properties and trend for q;

Trend Residual
Mean
Case (MPa) Slope Intercept Standard cov
(MPa/m) (MPa) deviation (%)
1 5.464 —0.251 6.872 1.961 35.9
2 5.250 0.105 4.645 0.408 7.8
3 6.411 0.512 3.451 1.375 21.4
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Table 3. Scale of fluctuation for sample and autocorrelation models

Sample Autocorrelation model
Case SOF RMSE SOF (m)
(m) SNX CcsX SMK SQX SNX CcsX SMK SQX
1 0.42 0.070 0.029 0.019 0.048 0.51 0.36 0.46 0.44
2 0.36 0.047 0.020 0.047 0.083 0.43 0.31 0.39 0.38
3 0.23 0.076 0.047 0.027 0.034 0.30 0.21 0.27 0.26
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Table 4. Probabilistic results for liquefaction-induced settlement
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Liquefaction—induced settlement

Case Spatial variability (x) Spatial variability (O)
Mean Standard cov Mean Standard cov
(cm) deviation (%) (cm) deviation (%)
1 27.54 10.35 37.58 27.42 2.69 9.80
28.50 1.82 6.37 28.50 0.47 1.66
3 25.48 5.52 21.68 25.49 1.16 4.55
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