Fragility functions for buried pipelines in liquefaction-prone areas based
on Canterbury earthquake sequence data
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Motivation
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In total, 63 different vulnerability functions have been developed. Figure 2 shows some of the developed functions. On Figure 2 (a), § e E / '
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high cyclic resistance ratio (CRR) value experience smaller failure rates as shown in Figure 2 (b-d). The proposed vulnerability model is £ L
additive (i.e. adapts the vulnerability of the studied asset based on known characteristics). The peak ground velocity (PGV) is used as 4 R EEE R EEEE N ) | e | |
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information. Equatlon 1 gives the fuIIy-deveIoped Vumerab”lty model. Figure 4. Statistical analysis of the Pearson’s residuals (a) Plotted against the simulated median failure rate ; and (b) Presented as an histogram
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A fragility function defines the probability that a certain damage state is reached given some ground motion intensity. Failure occurrence Statistical significance and performance of the model vs. the 29nd February 2011 earthquake damage

IS assumed to follow a Poisson distribution. Hence, the fragility depends on the known length of the asset and its vulnerability. Figure 4 shows the statistical significance analysis of the model as a scatter plot of Pearson’s residuals against the simulated failure

rates as well as their distribution. The model has a small negative bias and tends to be slightly heteroskedastic. Figure 5 geospatially
(@) 10'; [ . . ] [ . . . : (b) 10’ . . . — 0.032 shows the results for the 2011 February event. It can be observed that the simulated failure rates tend to underestimate the failure rate
. —PGV ; . —PGV 00 In areas along the Avon river. Known as the Red Zone, these areas possess a very low CRR and experienced severe lateral spreading.
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Figure 2: Vulnerability functions depending on PGV, CRR and pipe material ductility Figure 5: Retrospective analysis comparing (a) Observed ; and (b) Simulated failure rates for the 2011 February earthquake



