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Generally felt outside. Most sleepers awakened. Small unstable objects move,
some glassware and crockery broken.

Felt by all. Difficulty in walking steadily. Objects fall from shelves. Slight damage
to badly-constructed buildings.

General alarm. Difficulty in standing. Some damage to buildings not designed
to withstand earthquakes. Furniture moves. Un-reinforced chimneys, roofing

tiles and water tanks break.

Alarm may approach panic. Steering of motorcars greatly affected. Some damage
to earthquake-resistant buildings. Serious damage to less well-designed building
types. Monuments and elevated tanks brought down.

Heavy damage to buildings and bridges. Houses not secured to foundations
shifted off. Landslides widespread on steep slopes. Cracking of ground

conspicuous.

Severe damage to many buildings and bridges, even those of most recent design.
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WHAT CAN BE DONE TO REDUCE THE IMPACT OF LIQUEFACTION? )

There are three main ways to reduce the effects of liquefaction
— by stabilising the ground, by specific foundation design or by
strengthening structures to resist predicted ground movements.

There are various methods available to stabilise a soil. These
methods generally increase the density of the soil thereby
increasing the resistance of the soil to liquefaction. Most of
the methods are expensive and would be uneconomic for
residential structures.
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De-watering (drainage) and buttressing of lateral spread zones
are other ground stabilisation techniques.

Specific foundation designs reduce the likelihood of
damage to the foundation and deformation of the structure.
Stronger foundations, deep piles and piling to non-liquefiable
soil layers are the more common methods used to reduce the
effect of liquefaction on structures.
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‘ MITIGATION WORK CARRIED OUT IN CHRISTCHURCH
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CHRISTCHURCH WASTEWATER PLANT

Vibro-compaction of the soil. The vibrations are liquefying the
soil forming a denser soil structure that will be more resistant
to liquefaction. Note how water has been ejected to the surface
as the soil mass compacts and decreases in volume.
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( LIQUEFACTION GROUND DAMAGE POTENTIAL )
Five classes of liquefaction ground damage potential MobpERATE LIQUEFACTION GROUND
have been defined for Chnstchurch = Very High, High, B AMAGE POTENTIAL
Moderate, Low and No Liquefaction. ) .
Areas of Christchurch rated as having “moderate
ViZE SIS (LIS S FATTISh BRED liquefaction ground damage potential” may be affected
by 100-300mm of subsidence.
DAMAGE POTENTIAL
Areas of Christchurch rated as having “very high Low LIQUEFAGTION GROUND
liquefaction ground damage potential” may be affected DPAMAGE POTENTIAL
by lateral spreading and significant ground subsidence.  Areas of Christchurch rated as having “low liquefaction
Subsidence is likely to be greater than 300mm. ground damage potential” may be affected by up to
100mm of ground subsidence.
HIGH LIQUEFACTION GROUND
DAMAGE POTENTIAL NO LIQUEFACTION GROUND
Areas of Christchurch rated as having “high liquefaction =~ PAMAGE POTENTIAL
ground damage potential” may be affected by significant ~ Areas of Christchurch rated as having “no liquefaction
ground subsidence. Subsidence is likely to be greater  ground damage potential” are those areas where
than 300mm. liquefaction is not expected to occur.
LEGEND
H e’;‘;ﬁgéte - VERY HIGH LIQUEFACTION The following hazard zones are based on general soil information,
Estuary GROUND DAMAGE POTENTIAL as insufficient soil information was available for liquefaction prediction.

HIGH LIQUEFACTION
GROUND DAMAGE POTENTIAL

A HIGH LIQUEFACTION GROUND DAMAGE
POTENTIAL MAY BE EXPECTED

MODERATE LIQUEFACTION A MODERATE LIQUEFACTION GROUND DAMAGE
GROUND DAMAGE POTENTIAL POTENTIAL MAY BE EXPECTED
LOW LIQUEFACTION A LOW LIQUEFACTION GROUND DAMAGE
GROUND DAMAGE POTENTIAL POTENTIAL MAY BE EXPECTED
NO LIQUEFACTION 7// PORT HILLS - VERY LOW LIKELIHOOD OF
GROUND DAMAGE POTENTIAL 771  LIQUEFACTION (AREA NOT STUDIED)
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JADE STADIUM

To reduce the potential for liquefaction-induced ground damage,
an extensive network of stone columns was placed beneath the
Paul Kelly Motor Company Stand at Jade Stadium. The stone
columns are 600mm in diameter and about 1.4 to 1.7m apart.
The stone columns, extending to a depth of 8 to 10m and covering

OPAWA ROAD BRIDGE

Installation of concrete piles through liquefiable layers. The piles
will resist liquefaction-induced lateral spread (sideways movement
of blocks of land toward the river) and reduce damage to the
bridge substructure.

an area of 12,500m , improve the strength and stiffness of the

soil, as well as providing a path for the excess pore water during
liquefaction.
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