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Today’s talk

• Pumiceous soils in New Zealand

• Liquefaction triggering from simplified methods

• Undisturbed sampling

• Laboratory characterisation and cyclic testing

• Conclusions



Pumice-rich soils in New Zealand

Land information New Zealand

Taupō Volcanic Zone (TVZ)

Whakatāne
Hamilton

Auckland

Wellington

Edgecumbe



Pumice

When we consider “pure pumice” it is
• Lightweight
• Vesicular
• Typically very crushable

CPT calibration chamber tests indicate 
an insensitivity to relative density.
• Penetration mechanisms in the soil 

are very different

Orense et al. 2013

Wesley et al. 1999



Liquefaction during 1987 Edgecumbe
Earthquake

Beanland et al. 1989

Simplified Soil Profiles

Pender & Robertson et al. 1987



Evidence of  Liquefaction
Franks et al. 1989

Edgecumbe

Whakatane



Liquefaction Triggering
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Liquefaction Triggering
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Triggering based on simplified analyses

• At both sites, simplified procedures suggest very severe 
manifestation, when best estimates of ground motions and 
water table in March 1987 are used.

• Profiles do not suggest that layering is an issue.

• The actual manifestation in these areas is much lower –
historic photos taken within 1 week of the earthquake appear 
to confirm this. 

• Is the demand correct?

• Is the resistance to liquefaction triggering reasonable in these 
materials?



“Undisturbed” sampling techniques

Hydraulically Activated Fixed-Piston Triple-Tube

Dames & Moore Gel-Push “Static” Gel-Push “Triple tube”



Sampling Location



Sampling location



Sampling Location



Observations on quality



After sampling….



Lab Samples



Characteristics of  lab samples



Characteristics of  lab samples

• Separation of pumice 
fraction using heavy fluid 
with Gs = 2.35

Stringer (2019)

Sample Pumice Content

WH1-3-GPS1 A (Low) 29 %

WH1-3-GPTR2 B (High) 78 %

WH1-3-GPTR3 A (Med) 48 %

WH1-3-GPTR3 B (Med) 55%



Characteristics of  lab samples

• PSDs of separated pumice and hard-grained material. 

• Similar PSD in hard-grained fraction

• Pumice coarser than fine grained material and varies between 
different layers. 



Shear wave velocity measurements
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• Isotropic consolidation
• Vs measured at various stages
• Average Vs over 4-8kHz

In-situ σ’v estimated assuming γ ≈ 17 kN/m3 

K0 assumed to be 0.5 (likely too high)



Shear wave velocity measurements



Cyclic testing

Low Pumice Content

High Pumice Content



Cyclic testing

• Very rapid build up of excess pore water pressure
• Gradual build up of axial strain



Cyclic testing

Despite wide variation in pumice content, very similar resistances obtained



Post-cyclic volumetric strain

Larger than expected volumetric strain with larger shear strains during cyclic loading

Ishihara & Yoshimine (1992)



Conclusions
• Trials conducted with a  range of sampling techniques
• GP-Tr appears to offer best results for collecting pumiceous samples

• Heavy liquids allows for separation of pumice grains from the 
soil mixture. 
• High pore pressures are generated rapidly under cyclic loading
• Deformations relatively stable despite large pore pressures
• Similar cyclic resistances obtained despite range in pumice 

content.
• Post-cyclic volumetric strains larger than expected at large 

cyclic shear strains.  


