Evaluation of Liguefaction Case Histories from
the 2010-2011 Canterbury Earthquakes using

Advanced Effective Stress Analysis
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“Critical layer” characteristics ) uakeCoRt
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“YY” vs “NN” typical profiles

YY - Manifested liquefaction in both earthquakes NN - Did not manifest liquefaction in either event
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“Critical layer” vs Deposit characteristics
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Seismic Effective Stress Analysis
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System response of YY- deposits
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Series of Analyses

1. STEP 1: IDENTIFICATION OF KEY SYSTEM-RESPONSE MECHANISMS

Quake

(DA of 4 profiles representative of YY sites (based on 10 sites) and 2

NN profiles (2 sites)

7

2. STEP 2: APPLICATION OF SYSTEM-RESPONSE CONCEPT (DA of 4
profiles: 1 YY site, 2 NY sites, and 1 NN site

~\
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ESA on typical NN-, NY- and YY- sites
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Depth — Thickness — Severity of liguefaction Q QuakeCoRE

Depth [m] to top of | Thickness [m] of | y ., [%] within Vertical Manifestation
liquefied zone liquefied zone | liquefied zone | Continuity (22FEB2011)
5.0 1.0 4.6 No

NN (Papanui)

None

NY, (St. Albans) 5.3 2.5 4.8 No Minor
NY, (Avondale) 2.9 2.5 6.8 Yes Moderate

YY (Avondale) 1.5 3.7 6.2 Yes Moderate-Severe




Series of Analyses )y

1. STEP 1: IDENTIFICATION OF KEY SYSTEM-RESPONSE MECHANISMS
(DA of 4 profiles representative of YY sites (based on 10 sites) and 2
NN profiles (2 sites)

2. STEP 2: APPLICATION OF SYSTEM-RESPONSE CONCEPT (DA of 4
profiles: 1 YY site, 2 NY sites, and 1 NN site

3. STEP 3: Probabilistic analyses for two Christchurch areas typical fo
YY and NN sites
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Probabilistic modelling of soil profiles LUakeCoR

Two main elements: Q,, or F,

1. Layering simulation: Layer thicknesses T; (or locations T data from the
of layer boundaries/interfaces) are generated through a restgoredsies
non-homogeneous Poisson process (i.e. mean rate of
layer boundary occurrence varies with depth). o i e o i

kernel pdf
T. for layer i

2. Definition of soil layer properties: Nonparametric L
kernel distributions are used to describe the variation of Tis1
Q,, and F, within each layer.

The correlation between Q,, and F, within each layer is
taken into account by combining the marginal Q,, and F, -
distributions into a bivariate Gaussian copula.




Application to two Christchurc

h subregions
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Important notice

This map and data was prepared and/or compiled for the Earthquake Commission (EQC) to assist in assessing insurance claims
made under the Earthquake Commission Act 1953 and/or for the Canterbury Gectechnical Database on behalf of the Canterbury
Earthguake Recovery Authority [CERA). It was not intended for any other purpose. EQC, CERA, their data suppliers and their
engineers, Tenkin & Taylor, have no liability to any user of this map and data or for the consequences of any person relying on
them in any way. Each Canterbury Geotechnical Database {https: /fcanterburygectechnicaldatabase. projectorbit.comy) map and

data is made available sclely on the bazis that:

* Amy Database user has read and agrees to the terms of use for the Database:
#  Any Database user has read any explanatory text accompanying this map; and
# The "Impeortant netice" accompanying the map and data must be reproduced wherever the map or data are reproduced.
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Probabilistic analysis results
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Future work: Quantification of system-response { J ‘o< n
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