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Appendix A: Risk identification maps

. Figure A1 — Summary of District Planning Zones

. Figure A2 — Target Level of Detail

o Figure A3 — Summary of CPT Investigations

o Figure A4 — CPT Investigation Density

. Figure A5 — Ground Conditions Uncertainty

. Figure A6 — Depth to Groundwater Table Current-Day Median (2014 model)

o Figure A7 — Groundwater Uncertainty

. Figure A8 — Worst Land Damage Observations from the Canterbury Earthquakes
o Figure A9 — Land Damage Observation Uncertainty

o Figure A10 — Aggregated Uncertainty
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Appendix B:  Risk analysis maps

. Figure B1 - Comparison of land damage observations and model predictions
. Figure B2 — GNS Geomorphology with Liquefaction Assessment Sub Areas

. Figure B3 — Liquefaction Vulnerability Categories

. Figure B4 — Level of Detail Supported by Currently Available Base Information
. Figure B5 — Difference between ideal and achieved Level of Detail
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Appendix C: Communication and consultation
maps

. Figure C1 — “Liquefaction Lab” Public Awareness Tool Example Ground Damage Scenarios
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Appendix D: Calibration examples

. Figure D1 — Calibration Example 1: Sandy soils, CPT analysis gives good prediction
. Figure D2 — Calibration Example 2: Silty interlayered soils, CPT analysis over-predicts damage

. Figure D3 — Calibration Example 3: Shallow groundwater, CPT analysis over-predicts damage



Calibration Example 1: Sandy soils, CPT analysis gives good prediction
Sub-area ID = {DS8E6030D-B72C-461E-A6AF-E669915FCCBD}

This sub area is an example of ground conditions where the CPT-based simplified liquefaction analysis provides predictions of performance which
are generally well aligned with observations during the Canterbury earthquakes. Examination of the base data identified some minor potential
sources of bias in the damage observations and CPT locations. But on balance the model appears to be reasonable without any manual
calibration required.
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Calibration Example 1: Sandy soils, CPT analysis gives good prediction

Sub-area ID = {D8E6030D-B72C-461E-A6AF-E669915FCCBD}

This sub area is an example of ground conditions where the CPT-based simplified liquefaction analysis provides predictions of performance which
are generally well aligned with observations during the Canterbury earthquakes. Examination of the base data identified some minor potential
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Calibration Example 2: Silty interlayered soils, CPT analysis over-predicts damage
Sub-area ID = {6105AB10-D9BF-4E2D-84EA-A4CAD6DC2150}
This sub area is an example of ground conditions where the CPT-based simplified liquefaction analysis provides predictions of performance which
appear to overstate the damage when compared to observations during the Canterbury earthquakes. Examination of the base data identified
factors such as silty interlayered soils, an intermediate gravel layer and model hypersensitivity due to shallow groundwater which provide a physical O Calibration control point
explanation as to why the model over-predicts damage. Therefore the model was scaled down to a degree appropriate for these factors which Observed Ground Damage for Main Earthquakes
provided better agreement with the damage observed in the September 2010 and February 2011 earthquakes and the lack of damage observed in % sep2010
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Calibration Example 2: Silty interlayered soils, CPT analysis over-predicts damage
Sub-area ID = {6105AB10-D9BF-4E2D-84EA-A4CAD6DC2150}

This sub area is an example of ground conditions where the CPT-based simplified liquefaction analysis provides predictions of performance which
appear to overstate the damage when compared to observations during the Canterbury earthquakes. Examination of the base data identified

factors such as silty interlayered soils, an intermediate gravel layer and model hypersensitivity due to shallow groundwater which provide a physical O Calibration control point
explanation as to why the model over-predicts damage. Therefore the model was scaled down to a degree appropriate for these factors which Observed Ground Damage for Main Earthquakes
provided better agreement with the damage observed in the September 2010 and February 2011 earthquakes and the lack of damage observed in X Sep2010
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Calibration Example 3: Shallow groundwater, CPT analysis over-predicts damage
Sub-area ID = {E7588B9F-D12B-410F-971C-04D487CAOFDF}

This sub area is an example of ground conditions where the CPT-based simplified liquefaction analysis provides predictions of performance which
appear to overstate the damage when compared to observations during the Canterbury earthquakes. Examination of the base data identified

10" percentile response curve

factors such as silty crust and model hypersensitivity due to shallow groundwater which provide a physical explanation as to why the model O Calibration conirol point
over-predicts damage. Therefore the model was scaled down to a degree appropriate for these factors which provided better agreement with the Observed Ground Damage for Main Earthquakes
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Calibration Example 3: Shallow groundwater, CPT analysis over-predicts damage
Sub-area ID = {E7588B9F-D12B-410F-971C-04D487CAOFDF}

This sub area is an example of ground conditions where the CPT-based simplified liquefaction analysis provides predictions of performance which
appear to overstate the damage when compared to observations during the Canterbury earthquakes. Examination of the base data identified
factors such as silty crust and model hypersensitivity due to shallow groundwater which provide a physical explanation as to why the model
over-predicts damage. Therefore the model was scaled down to a degree appropriate for these factors which provided better agreement with the

o Calibration control point

Observed Ground Damage for Main Earthquakes

damage observed during the Canterbury earthquakes. % sep2010
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Applicability

This report has been prepared for the exclusive use of our client Christchurch City Council, with
respect to the particular brief given to us and it may not be relied upon in other contexts or for any
other purpose, or by any person other than our client, without our prior written agreement.

Recommendations and opinions in this report are based on data from primarily individual CPT and in
some cases borehole soundings. The nature and continuity of subsoil away from these locations is
inferred and it must be appreciated that the actual conditions could vary.

The analyses carried out represent probabilistic analyses of empirical liquefaction databases under
various earthquakes. Earthquakes are unique and impose different levels of shaking in different
directions on different sites. The results of the liquefaction susceptibility analyses and the estimates
of consequences presented within this document are based on regional seismic demand and
published analysis methods, but it is important to understand that the actual performance may vary
from that calculated.

This assessment has been made at a broad scale across the entire city, and is intended to
approximately describe the typical range of liquefaction vulnerability across neighbourhood-sized
areas. It is not intended to precisely describe liquefaction vulnerability at individual property scale.
This information is general in nature, and more detailed site-specific liquefaction assessment may be
required for some purposes (e.g. for design of building foundations).

Tonkin & Taylor Ltd July 2020
Christchurch Liquefaction Vulnerability Study Job No: 1000273.v1.2
Christchurch City Council
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