Glenorchy Liquefaction Vulnerability Assessment
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When and How Does Liquefaction Occur?

Three key elements are all required for liquefaction to occur
1: Soil condition: Non—plastic, “Loose” (can include medium-dense)
2: Saturated (pelow groundwater table)

3: Sufficient ground shaking (combination of duration and intensity)

Soil 3 Ground . Earthquake B

- . Liquefaction
condition water shaking .



What is Liquefaction?
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What is Liquefaction?




1. Differential
settlement of
the ground
surface causing
damage to
buildings,
buried pipes
and roads

What are the Consequences of Liquefaction?

Before the earthquake

Areas of flat, low lying land with groundwater
only a few metres below the surface,
can support buildings and roads, buried pipes,
cables and tanks under normal conditions.

ﬁ EEJ Cla\\/[e.y soil Road

Fuel tank Lake

During and after the earthquake
Sand boils (Sand volcanoes) During the earthquake fine sand, silt and water moves up under pressure through cracks and .
i other weak areas to erupt onto the ground surface. Near lakes and rivers the pressure is
Sand, silt and water erupts upward under pressure . . . . .
relieved to the side as the ground moves sideways into the lake or river channels.
through cracks and flows out onto the surface,
heavy objects like cars can sink into these cracks. R
_ Power polesare pulled over by their wires as
4 theycan’tbe supportedin the liquefied ground. Lateral spreading
\‘ Underground cables are pulled apart. Lakefronts ingress the lake.
River banks flow toward each
other. Cracks open up along
the banks. Cracking can
extend back into properties
damaging houses.

Tanks and pipes float up in the liquefied ground and break through the surface, pipes break, water and sewerage leaks into the ground.






1.

Differential
settlement of
the ground
surface causing
damage to
buildings,
buried pipes
and roads

Heavy objects
sink (such as
buildings and
power
transformers)

What are the Consequences of Liquefaction?

Before the earthquake

Areas of flat, low lying land with groundwater
only a few metres below the surface,
can support buildings and roads, buried pipes,
cables and tanks under normal conditions.

Q EEJ Cla\\/[e.y soil Road

Fuel tank Lake

During and after the earthquake

Sand boils (Sand volcanoes) During the earthquake fine sand, silt and water moves up under pressure through cracks and'
i other weak areas to erupt onto the ground surface. Near lakes and rivers the pressure is
Sand, silt and water erupts upward under pressure . . . . .
relieved to the side as the ground moves sideways into the lake or river channels.
through cracks and flows out onto the surface,

heavy objects like cars can sink into these cracks. R
_ Power polesare pulled over by their wires as

4 theycan’tbe supportedin the liquefied ground. Lateral spreading
‘ Underground cables are pulled apart. Lakefronts ingress the lake.
River banks flow toward each

other. Cracks open up along
the banks. Cracking can

extend back into properties
damaging houses.

Tanks and pipes float up in the liquefied ground and break through the surface, pipes break, water and sewerage leaks into the ground.
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Differential
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buried pipes
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What are the Consequences of Liquefaction?

Before the earthquake

Areas of flat, low lying land with groundwater
only a few metres below the surface,
can support buildings and roads, buried pipes,
cables and tanks under normal conditions.

: ?EL] Cla\\/[e.y soil Road

Fuel tank Lake

During and after the earthquake
Sand boils (Sand volcanoes) During the earthquake fine sand, silt and water moves up under pressure through cracks and ‘
i other weak areas to erupt onto the ground surface. Near lakes and rivers the pressure is
Sand, silt and water erupts upward under pressure . . . . .
relieved to the side as the ground moves sideways into the lake or river channels.

through cracks and flows out onto the surface,

heavy objects like cars can sink into these cracks. R

~ Power poles are pulled over by their wires as
i they can’t be supported in the liquefied ground. Lateral spreading
Underground cables are pulled apart. Lakefronts ingress the lake.
River banks flow toward each
other. Cracks open up along
the banks. Cracking can

extend back into properties
damaging houses.

Tanks and pipes float up in the liquefied ground and break through the surface, pipes break, water and sewerage leaks into the ground.
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What are the Consequences of Liquefaction?

Before the earthquake

Areas of flat, low lying land with groundwater
only a few metres below the surface,
can support buildings and roads, buried pipes,
cables and tanks under normal conditions.

Q;:::;; E;E? (Jacfysou

Fuel tank : : Lake

Road

During and after the earthquake
During the earthquake fine sand, silt and water moves up under pressure through cracks and
other weak areas to erupt onto the ground surface. Near lakes and rivers the pressure is
relieved to the side as the ground moves sideways into the lake or river channels.

Sand boils (Sand volcanoes)
Sand, silt and water erupts upward under pressure
through cracks and flows out onto the surface,
heavy objects like cars can sink into these cracks.

Power poles are pulled over by their wires as
they can’t be supported in the liquefied ground.
Underground cables are pulled apart.

Lateral spreading
Lakefronts ingress the lake.
River banks flow toward each
other. Cracks open up along
the banks. Cracking can
extend back into properties
damaging houses.

Tanks and pipes float up in the liquefied ground and break through the surface, pipes break, water and sewerage leaks into the ground.

4. Buildings,

underground
pipes & cables
and roads are
pulled apart
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1. Differential

settlement of

the ground

surface causing

damage to
buildings,

buried pipes

and roads

2. Heavy objects
sink (such as
buildings and

power

transformers)

3. Light objects
float (such as
manholes and
underground

fuel tanks)

What are the Consequences of Liquefaction?

Before the earthquake

Areas of flat, low lying land with groundwater
only a few metres below the surface,

. can support buildings and roads, buried pipes,

cables and tanks under normal conditions.

EE] Clayey soil
Q —— / Road

Fuel tank ; ' Lake

During and after the earthquake

During the earthquake fine sand, silt and water moves up under pressure through cracks and

Sand bolls (Sand volcanoss) other weak areas to erupt onto the ground surface. Near lakes and rivers the pressure is

Sand, silt and water erupts upward under pressure relieved to the side as the ground moves sideways into the lake or river channels.
through cracks and flows out onto the surface,

heavy objects like cars can sink into these cracks.

Power poles are pulled over by their wires as
they can’t be supported in the liquefied ground.
Underground cables are pulled apart.

Lateral spreading
Lakefronts ingress the lake.
River banks flow toward each
other. Cracks open up along
the banks. Cracking can
extend back into properties

», damaging houses.

Tanks and pipes float up in the liquefied ground and break through the surface, pipes break, water and sewerage leaks into the ground.

Buildings,
underground
pipes & cables
and roads are
pulled apart

Significant
ground surface
subsidence
(0.5m to 1m)
making low
lying areas
more flood
prone







Exacerbated Flooding (Pre Sept 2010 — Post Dec 2011)
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Glenorchy Liquefaction Assessment

Soil Ground Earthquake _

condition water shaking Liquefaction

10-16 October 2021
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Glenorchy Liquefaction Assessment

Soil Ground Earthquake

it . Liquefacti
condition water shaking lquetaction

{ Surface Elevation (mRL)
(NZVD 2016)
320

B L 305
| [ site Extent

---?--- Low Energy Zone (See Section 10)

* The subsurface soil layers comprise
loose to medium dense sands to
depths greater than 20m
Lake highstand
terrace T —»
Possibly: combination of
Fluvial/alluvial fan Backwater fine slopetoedeposits,
@ th brobable debri sediments. Infilled boulders and reworked
= ;':” gro a.te ewris lake arm with fan-delta deposits \
3 oW dEpOSILS. possible ox-bow emplaced by shoreline
© ) Formed above channels. Fine drift Glacially cut
> F.an-top braided current lake level silts/organics bedrock surface
- river type channel l 4
E deposits A
\ e ¢
. " __--"'ﬂ“ Proximal fan delta
Lake Wakatipu v i deposits: sub-
lacustrine
---------------------------------------- y ‘i%ockfsediment contact
------------------------ ;_,/
Distal delta deposits ,”
with Gilbert type i
Assumed recent lake e e, Fine I,’
and Rees River silts and sands .

sediments ’



Glenorchy Liquefaction Assessment

e Groundwater is shallow

v Groundwater Levels

} LEGEND
[ stte extent
Groundwater Elevation Contours
(NZVD 2016)
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Soil
condition

Ground
water

Earthquake _

el Liquefaction

< Depth to
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Glenorchy Liquefaction Assessment

Soil Ground Earthquake . .
. . Liquefaction
condition water shaking
* Seismicity is high for the region
and is likely to increase for
many parts of New Zealand
1
Southern South Is Return 25-yr | Alpine Fault 50-yr | 100-yr | 250-yr | 500-yr | 1000-yr | 2500-yr
Period Rupture Scenario
(approx. 30-yr,
44°S = conditional)
Annual 4% | 3% 2% | 1% 04% |02% |0.1% |0.04%
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to to to to to to to
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to to to to to to to
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Liquefaction

Earthquake
shaking

+ Ground +
water

Soil
condition
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Glenorchy Liquefaction Assessment

s s 5 5 & Soil Ground Earthquake . .
0 L : ¢ £ condition water + shaking Liquefaction
© Em
S § Results
_8 515
O 25 g geggeed &E&ae gaad [oe ) age [Che e % E % [ ) quuefactlon trlggerlng IS
= g I : predicted to occur at 25 to 100
< — year period levels of earthquake
E gD.U 0.1 0.2 0.3 0.4 0.5 0.6 0.7 ) Shaking
PGA (g) 3 E
5 g g 2 5
: v B :
0 S i ; £ * The upper 20 to 25m of the soil
. = is expected to liquefy for most of
B the Glenorchy township
(- ;; =25
3 g15 820
5, < e ——
_— g’ * An Alpine Fault Rupture Event is
% c@c:? SERT ST 0 &?’fﬁg’f&& 6«5‘562%’;’5* 6@%@”@ . . . ||ke|y tO trigger WldeSpread
=N liquefaction. This event has a
i — — 75% probability of occurrence in
é%o 0.1 0.2 0.3 0.4 05 0.6 0.7 the neXt 50 years

PGA(g)



Glenorchy Liquefaction Assessment

Soil Ground Earthquake . .
condition + water shaking Liquefaction
16" Shaking Percentile Median Shaking 84 Shaking Percentile

Predicted Thickness of Liquefaction
for an Alpine Fault Rupture Event




Glenorchy Liquefaction Assessment

Soil + Ground Earthquake

iti . Liquefacti
condition water shaking lquetaction

. 0—-8 (None to Minor)

Prediction of

None-to-minor land damage FNQ‘F." ; _ . . o . .
| Il 826 (Minon) liquefaction ejecta is
Ao undertaken by
¢ e ek . 16—-20 (Minor to Moderate) calculating the
s Liguefaction Severity
— . 20-25 (Moderate to High) Number (LSN)

_ | . 25+ (High to Severe)

Moderate-to-severe land damage



Glenorchy Liquefaction Assessment

Soil Ground Earthquake . .
condition + water shaking eaecton
16" Shaking Percentile 50" Shaking Percentile 84 Shaking Percentile

LSN values

Extensive Moderate to Severe
Liquefaction Eijecta is likely to occur B 0-8 (None to Minor)
across most of Glenorchy for an Alpine [ &-16 (Minor)
Fault Rupture Event

. 16—-20 (Minor to Moderate) . 25+ (High to Severe)
. 20-25 (Moderate to High)



Glenorchy Liquefaction Assessment & Lateral Spreading

Elevation (mRL, NZVD)

320
315
310
305
300
295
290
285
280
275

 The height of the drop off in
Glenorchy is 5x greater than
the areas where lateral
spreading occurred in
Christchurch and Blenheim

LiDAR Data
Bathymetry Data

Interpolation Region

-400 -200 0 200 400 600 800 1000
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Glenorchy Liquefaction Assessment & Lateral Spreading

Lateral Displacement (mm)

* Three methods used to assess lateral spreading

* Generally 3 to 4m of lateral spreading is predicted for an Alpine Fault Rupture
Event. This event has a 75% probability of occurrence in the next 50 years

* The lateral spreading decreases with distance back from the lake edge

* The predicted spreading is 2x worse than the lateral spreading that was observed
in the Christchurch residential red zone

Zhang et al. (2004) Gillins & Bartlett (2014) Bray & Macedo (2019)

5000 T

Lateral Displacement (mm)

o

0 50 100 150 200 250 300 O 50 100 150 200 250 300 50 100 150 200 250 300
Offset from Lake Edge (m) Offset from Lake Edge (m) Offset from Lake Edge (m)



Glenorchy Liquefaction Assessment — Damage Zones

* Based on the MBIE / MFE Guidelines!

Increasing likelihood and severity of ground damage

v
o z LIQUEFACTION CATEGORY IS UNDETERMINED £ ”
[ = N =
TS A £=-0
E = g LIQUEFACTION DAMAGE IS LIQUEFACTION DAMAGE IS @ Z2E
vS5 UNLIKELY POSSIBLE R
v 2 o o - = 5 g t 3
£Y 3 Very Low Low High o9
ko Liquefaction i Liquefaction Liquefaction g
Vulnerability Vulnerability Vulnerability =

Lateral Spread
Damage

Major Severe
Lateral Spread Lateral Spread
Damage BETNED[

and $ and

High High
Liquefaction Liquefaction
Vulnerability Vulnerability

* The MBIE/MFE Guidelines were developed for the consideration of the liquefaction hazard in the rezoning /
development of greenfield land. For greenfield land the guidance recommends:

. The areas with High Liquefaction Vulnerability be either avoided or area-wide ground improvement be undertaken before building houses on top,
or houses be designed with more robust foundation systems to withstand the effects from high liquefaction vulnerability;

. The areas with Major Lateral Spread Dama%e be avoided unless the lateral spreading hazard can be mitigated through ground improvement. In
the case in Glenorchy, mitigating the lateral spreading is not practical; and

. The areas with Severe Lateral Spread Damage be completely avoided (i.e. left as a greenfield).

* However, Glenorchy is already an existing town and not a greenfield area. There is no guidance on what to do for the
different hazard zones for existing developed areas.

MBIE & MfE. (2017). Planning and Engineering Guidance for Potentially Liquefaction-prone Land. Wellington: New Zealand Ministry of Business, Innovation and Employment, Building System Performance Branch.



Glenorchy Liquefaction Assessment — Damage Zones

Increasing likelihood and severity of ground damage

LIQUEFACTION CATEGORY IS UNDETERMINED
LIQUEFACTION DAMAGE IS LIQUEFACTION DAMAGE IS
UNLIKELY POSSIBLE

Very Low i
Liquefaction

Increasing
precision in the
categorisation

High
Liquefaction
Vulnerability

Decreasing
uncertainty in the
assessment

Vulnerability

Lateral Spread
Damage

Major Severe
Lateral Spread Lateral Spread

Damage BETNED[
and : and

High High
Liquefaction Liquefaction
Vulnerability Vulnerability

* Given that the Glenorchy area is already developed, Section 12.2.2 of the Canterbury Recovery Residential Guidance
(MBIE, 2012) provides guidance for building design for various levels of lateral spread damage vulnerability.

* For the Major Lateral Spread Damage zone only the most heavy duty foundation design options for residential
buildings are likely to be suitable (as per the Canterbury Residential Guidance). They are approximately $50 to S100k
over and above the cost of a residential house on conventional foundations.

* For the Severe Lateral Spread Damage zone more substantial engineering works are required, which are outside of
the scope of the guidance. Without specific engineering design, residential buildings cannot be expected to safely
withstand these levels of lateral spread damage.

e Vertical ground surface subsidence in the order of 1m can occur in the Severe Lateral Spread Damage zone, which can
significantly increase the flood risks.

MBIE & MfE. (2017). Planning and Engineering Guidance for Potentially Liquefaction-prone Land. Wellington: New Zealand Ministry of Business, Innovation and Employment, Building System Performance Branch.
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