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The severity of liquefaction manifested at the ground surface is a This study analyzes 9,908 liquefaction case histories from 1964 Niigata Japan 7 60 3
pragmatic proxy of damage potential for various infrastructure 23 earthquakes (Table 1). However, because the majority 1971 San Fernando USA 6.60 2
assets, making it particularly useful for hazard mapping, land-use of these cases were compiled from three events during 1975 Haicheng China 7.00 2
planning, and preliminary site-assessment. Towards this end, the the 2010-2016 Canterbury Earthquake Sequence (CES), 1976 Tangshan China 7.60 10
recent Canterbury, New Zealand, earthquakes, in conjunction results are separately presented for these and the other 1979 Imperial Valley USA 6.53 5
with others, have resulted in liquefaction case-history data of | 20 earthquakes, henceforth respectively referred to as 1980  Victora (Mexicali) Mexico 6.33 5
unprecedented quantity and quality, presenting a unique | the “CES dataset” and “global dataset.” Components of 132; &’thStrl?QrgLa”bd JUSA ?38 Z
. - . . . INONKal- uou apan .
opportunity to develop fragility-functions for liquefaction- the CES dataset!!l are hlghllghted in Figure 1. 1983 w——— UF;A 6 88 )
induced ground failure. Accordingly, this study analyzes nearl '
|'g o . fg Y , X y ) y s y 1987 Edgecumbe NZ 6.60 23
10,090 Iguetaction case studies rom. .3 earthqua es. to deve .o.p 1987 Superstition Hills USA 6.54 3
functions that express the probability of exceeding specific 1939 Loma Prieta USA 6.93 61
severities of liquefaction surface-manifestation as a function of 1994 Northridge USA 6.69 3
five different liquefaction damage measures (LDMs), of which 1995  Hyogoken-Nambu Japan 6.90 21
three are based on geotechnical data and two are based on 1999 Kocaeli Turkey 7.51 16
freely available geospatial data. The proposed functions have the s S o Sogapet e TR 1999 Chi-Chi Taiwan 7.62 37
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same functional form, such that end-users can easily select the 953“376888*:13324764887.\-5: ?fzf*éci,} gaééigﬁ_,.f, 2 2008 Achaia-llia Greece 6.40 2
model coefficients for the particular damage state and LDM of :%ezsjﬁgoggaﬁ’f\ B::fzsz::; oo 2010 El Mayor-Cucapah  Mexico /.20 2
: : . , oC! ) 22908 CRITG 5287 i
their choosing. It should be noted that these functions are not to 2 B e 2010 Darfield NZ 7.10 3647
. _ . _ I£CPT/28872)c o7 "8508 ) <90 1ACPTaBIA4 CRIZ 52t 2011 Christchurch NZ 6.20 3700
be used to predict lateral spreading, which requires LDMs other "1“388:";‘:23%}_ g ;gff;;‘ﬁ;g;?;;s; Pt '
: : Wi 3 N RSC DT 49677 L CP TR0y el 2011 Tohoku Japan 9.00 7
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than those assessed herein. Lastly, the proposed functions are (=S g g g gl e TR EmH_asgg%PpTT439;;;&,\.@9%3553& 2012 Emilia Italy 6.10 46
prellmmary and SUbJeCt to further dEVE|Opment' In this regard' Densely-recorded ground motions 22,000+ cone penetration tests (CPTs) 2016 Christchurch NZ 570 2296
several thrusts of ongoing investigation are mentioned. .
going & Figure 1. Select components of the CES dataset Total 9,908
Geotechnical Models Classifying Manifestation Severity
Liquefaction Damage Measures (LDMs) ! Liouefaction P - Index. 1P/ 2 Each is computed CES cases are classified per the Green et all!d criteria,
This studv develons fragilitv-functions for three [DMs Iquetaction Potential Index, using the: RW98l); representative examples of which are shown in Figure 2.
4 bs Tragiity 2. Modified LPI, termed LPlg, 1! — Mea06'°]; 1BO8!"; Global cases are classified binomially as “yes” or “no.”
based on geotechnical data, wherein four CPT-based . . . 8] [ yasy '
auefact AR ol ; ; 3. Liquefaction Severity Number, LSN [4 and BI14%liq.
ique actlon-trlggerlng. mo ? s are used, an tvyo ' triggering models
LDMs based on readily available no-cost geospatial
data. These LDMs are summarized at right. Geospatial Models
Fragility Functions The geospatial models used herein were developed by Zhu et al®! Lo N 0\ ; V) 8
- _ . _ . . and are computed from a digital elevation model as: Figure 2. Representative observatlons of three manlfestatlon-
The probability of liquefaction manifestation reaching P(X) = (14 )1 2) severity classes: (a) marginal; (b) moderate; and (c) severe
or exceeding a manifestation severity, MS, given a -
computed LDM, is denoted F,,(LDM) and idealized by 1. Global Geospatial Model: FUTURE WORK
a lognormal distribution: X=24.10 + 2.067:In(PGA,,) + 0.355-CTI - 0.4784:In(V3,)  (3)
In(=-) 2. Region-Specific Geospatial Model The functions defined by Eq. 1 and summarized in Tables 2 and
Fis (LDM) = @ F; (1) X =25.45+ 2.476:In(PGA,)) - 0.323-d,;— 4.241-In(V3) (4) 3 are preliminary and subject to further development. In this
, , S Where: P(X) = probability of surface manifestation; CT/ = compound regard, several thrusts of ongoing investigation are:
]\cNher.e: ¢ 15 tf}:e ((jau;lzlar) cumucllgtwe d(;Str'l?Ut'ﬁn topographic index, PGA,, = magnitude-weighted PGA, V_, = shear- . N . . .
IunCt'IOhn' Xm 1S ; ed d'Str_' ution median, and / is the wave velocity for the upper 30-m depth, estimated from topographic . Compile additional CES and global liquefaction case studies
ogarithmic standard deviation. slope; and d,; = distance to a river of Strahler-order 3 or greater. . Update PGAs for CES cases using ground-motion simulations
R ESU LTS Account for aleatoric and epistemic uncertainties
Table 2. Summary of Fragility-Functions for Geotechnical Models . Apply geospatial models to global case studies
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and LSN (computed using the RW98, Mea06, 1B0S, and Mot Y | e b F rspace | *m i space | *m i # | space . Assess whether the lognormal distribution is appropriate
’ S = | Minor ] 3672} 1667 1766 2249 | 1283 1747
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