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Darfield Earthquake Sequence
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EQC 175,000 claims

(approx 140,000 claims assessed to 22/2/11)
sInsurance Companies - Approx 8,000 major

claims (overwhelmed)

«Councils — Extensive Infrastructure Damage
Majority of damage in Residential Areas
eUninsured — Approx 5%

eUnderinsured — Approx 5%

Estimate $6 to $8 hillion
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some houses

«1/3" are beyond
economic repair
+1/3" require major
repair / re-levelling
«1/3'4 have no to
minor damage
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House damage
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Local Mapping — Burwood & Suburbs Along the Avon Riv er




sLand treatment techniques to mitigate liquefaction induced damage include:

*Dynamic compaction, a grid of driven timber piles, stone columns, cement
columns or jet grouting to densify / strengthen the soil and decrease its
susceptibility to liquefaction

*Founding houses on piles which extend down below the zone of liquefied
soils so that they will not settle

*Excavate surface soils and construct a sufficiently thick raft of non liquefiable
material so that sand ejection to the ground surface cannot occur

«Construct a reinforced concrete raft so that the buildings can “float” on the
liquefiable soils (i.e. a waffle concrete slab)

sVVarious combinations of these mitigation measures have been developed into
concept options which range from complete mitigation of liquefaction damage in
the event of a future earthquake to minimal to no mitigation
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Land remediation and reinstatement cost; $24M
Additional construction time: 2 - 3 months
Expected performance = 5




Avon Perimeter Treatment (residential performance target 5)
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Residents move out

Rebuilding of dwellings

Residents move in

Proposed perimeter works

Perimeter construction works
Completed perimeter works
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DBH & EQC set up Engineering Advisory Group
*Aim to make remediation unified & efficient
sIssued Guidance Document on House Repair &
reconstruction

Recommended dwellings be founded on stiffer
flooring systems

*Provided 6 acceptable solution slab options
Recommended suburb wide geotechnical
Investigations






















Seismic and Liquefaction Hazard and Risk Re-assessme  nt






PGA (9)

PGA (9)

Vertical acceleration

Horizontal acceleration









2.29

1.7¢g

1.269

0.89g

0.5g

6.3

6.7

7.1

6.8

7.0

5km

19km

10km

16km

13km

2011 Christchurch earthquake

1994 California earthquake

2010 Canterbury earthquake

1995 Kobe earthquake

2010 Haitl earthquake




*\Very High Ground Accelerations (Violent)
*Higher vertical than Horizontal Accelerations
«Short Duration (7 seconds)

*Approx 1 in 2,500 yr event (Darfield 1 in 500 yr)
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Plan courtesy of GNS Science




Before

After













Example of a make shift campground at a school in the port hills 23/02/2011
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Example of a make shift campground at a school in the port hills 23/02/2011
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Example of a make shift campground at a school in the port hills 23/02/2011












ECAN 2004 Hazard Map with Observed Areas of Liguefac tion

4 Sept 2010 event



ECAN 2004 Hazard Map with Observed Areas of Liguefac tion

22 Feb 2011 event












Example of a make shift campground at a school in the port hills 23/02/2011
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Example of a make shift campground at a school in the port hills 23/02/2011



Lateral Spreading Direction
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Areas of observed
liquefaction

Land damage from the 4 September 2010 Event
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Areas of observed
liquefaction

Land damage from the 22 February 2011 Event




Observed Liguefaction and Lateral Spreading Map

D Areas with no observed
liquefaction

Areas of observed
moderate and severe
liquefaction

Observed lateral
spreading crack

|:| Areas of observed minor
liquefaction

Land damage from the 22 February 2011 Event




Detalled Liquefaction and Lateral Spreading Damage Criteria
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Detailed Liguefaction and Lateral Spreading Map

No observed land
damage

Minor land damage but no
observed liquefaction

Liquefaction but no
lateral spreading

Moderate lateral
spreading

Severe lateral
spreading

Land damage from the 4 September 2010 Event




Detailed Liguefaction and Lateral Spreading Map

Land damage from the 22 February 2011 Event

. No observed land
damage

Minor land damage but no
observed liquefaction

Moderate liquefaction
but no lateral spreading

Severe liquefaction but
no lateral spreading

. Moderate lateral
spreading

. Severe lateral
spreading




Preliminary Indicator of the Infrastructure Damage



Depth

Soil Strength
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Soil test Dec 2010

Soil test Mar 2011

Location Plan: Burwood
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Options:
1. Demolish & Rebuild
2. Repair (re-level slab)
1. Pressure Grouting
2. Perimeter jacking (screw piles or portable jacks)

Potentially Liquefiable Soill



Seismic and Liquefaction Hazard and Risk Re-assessme  nt

Acceleration
(intensity of the
shaking motion)

Soil characteristics
High ground water table / low ground water table
Shaking characteristic (vertical & horizontal components)
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Existing liguefaction hazard maps (ECAN)

Liguefaction occurred generally in those areas identified as
moderate to high risk
Liguefaction was identified on most LIM’s as a hazard
*No requirement to address liquefaction hazard in CHCH

e via District Plan or other means
sLacklustre attitude to geotechnical issues
*Houses founded on land that liquefied incurred significantly
more damage compared to houses founded on land which did
not liquefy
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*The severity of house damage in liguefaction areas is

strongly dependent on foundation type.

10 to 20,000 houses damaged beyond repair

*Majority on concrete slabs (& < 20 years old!)
*Majority of slabs were unreinforced (allowed under
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