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ABSTRACT: In Mid 2011, during the 2010-2012 Canterbury earthquake sequence, a site 
investigation programme was undertaken within the Christchurch CBD to characterise the engineering 
behaviour of the soils responsible for the observed ground performance.  This paper presents the 
trialling of new ‘Gel-push’ sampler technology recently acquired by the University of Canterbury for 
obtaining high quality undisturbed samples of cohesionless materials from liquefaction prone sites.  
The sampler technology and methodology are discussed followed by presentation of initial results of 
shear wave velocity testing on samples with comparison to field measurements, providing indicative 
quality of the samples and the ability of the sampler to achieve high quality samples suitable for 
liquefaction strength testing.   

1 INTRODUCTION 

1.1 Soil Characterisation Research 

A research programme supported by EQC and Environment Canterbury has been underway at the 
University of Canterbury (UC) from the mid 2000’s to characterise the behaviour of Christchurch soils 
of engineering interest (principally the upper 20 m). Ladd and De Groot (2003) define Site 
Characterisation as having two components; determination of stratigraphy (soil profile) and ground 
water conditions; and the estimation of the relevant engineering properties. This research programme 
is intent on evaluating both aspects; in particular the soil profile variability and identifying key type-
soils in terms of their monotonic and cyclic properties, with the aim of informing liquefaction hazard 
mitigation for future development of the city and region.  The combination of field (i.e. profiling) and 
laboratory testing therefore is the best approach to both characterise the site (Ladd & DeGroot 2003), 
and calibrate numerical models for the particular site conditions encountered, particularly for complex 
time dependent soil behaviour (Clayton et al. 1995; Cubrinovski 2011). 

1.2 HQ Sampling & in situ testing 

Researchers and practitioners in New Zealand have generally favoured in situ penetration tests (i.e. 
SPT N, CPT qc), in combination with well known published correlations to engineering parameters 
such as cyclic resistance (CRR).  This is principally due to additional costs associated with sampling 
and lab testing, but also the known importance of in situ characteristics (age, gradation, structure, 
stress history) that contribute to a soil’s unique fabric (arrangement of particles).  In situ test methods 
may to some extent account for these effects inherently, unlike laboratory testing of reconstituted sand 
samples where an artificial fabric is recreated (Mulilis et al. 1977). Such reconstituted test data is thus 
of less practical benefit for engineering practice as the soil behaviour may be significantly different for 
in situ natural soils (principly higher stiffness and strength). It does however provide a useful reference 
framework for investigating the natural state (Burland et al. 1996). 

Reliance on penetration testing and empirical corrleations to engineering parameters become 
increasingly unreliable as soils deviate from the initial dataset used to develop the relations, and have 
less and less physical basis in reality (Ladd & DeGroot 2003). This is also true for correlations to 
CRR. As noted by Ishihara & Harada (2008) there may be significant discrepancies in CRR-N and 
CRR-qc correlations between a specific soil, and the published empirical correlations.  Most empirical 
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relations are based on clean quartz sands, and for silty soils rely on corrections for fines content, of 
which the effect on CRR has been widely debated in the literature (Cubrinovski et al. 2010).  This 
suggests that researching cyclic resistance of a soil from first principles rather than relying solely on 
published correlations may well yield improvements in the characterisation of Christchurch soils that 
would benefit modelling work, and ultimately improve confidence in engineering decision making.  
This calls for the testing of high quality (HQ) samples to capture the natural soil fabric effects on the 
cyclic and monotonic stiffness and strength characteristics.  

2 HIGH QUALITY SAMPLING OF COHESIONLESS MATERIALS. 

2.1 HQ Sampling - Review 

It is difficult to obtain and maintain high quality (i.e. minimal disturbance to soil fabric) in every step 
of sampling work. This begins with drilling (stress-relief), sampling (mechanical disturbance), 
transportation and storage, sample extrusion and trimming, and specimen preparation for laboratory 
testing (Lunne & Long 2005).  A hypothetical stress path for a low OCR clay sample undergoing 
sampling is illustrated in Figure 1a. A soil element in the centre line experiences a sequence of triaxial 
compression strains followed by triaxial extension strains, followed by unloading from extension (Fig. 
1b). The magnitude of the compression strains reduces as the ratio of B/t increases, where B is the 
sampler diameter, and t the wall thickness (Baligh et al. 1987).  In sands, volumetric strains caused by 
shear will depend on the initial density, such that loose sands will contract and increase in density, 
while dense sand will dilate and reduce in density. Contraction of loose sand is unconservative for 
liquefaction strength evaluation.  The best possible sampling techniques will minimise both the 
disturbance due to shearing the soil, and the effect of loss of confining stess on the soil stiffness and 
strength.  The first of these is achieved through minimising bearing resistance on the cutting shoe, and 
side-wall friction during sampling in the field and extrusion in the lab (i.e. sampler design). The 
second, by drilling with a mud-filled borehole to prevent base heave during drilling, followed by 
precautions taken during sample handling, transportation, storage, and laboratory test preparation 
techniques.   

 
Figure 1 (a) Illustrates the hypothetical stress path a centreline element of a low OCR soil sample undergoes 
during each stage from tube sampling through to testing (Ladd & DeGroot 2003).  (b) Strain contours affecting a 
centrally positioned element of soil during sampling at varying B/t ratios (Baligh et al. 1987). 

2.1.1 Optimum sampler design 

It has been widely reported that the effect of sampling tube geometry (Fig. 2A) is significant and that 
less optimum designs have been shown to reduce stiffness and strength of samples considerably (Hight 
et al. 1992), so much so that samples obtained from conventional tubes, e.g. Shelby tube, are 
considered to be unreliable (Tanaka et al. 1996).  The best performing samplers are those with an 
Inside Clearance Ratio, ICR at or close to zero, a low Area Ratio, AR (aided by large tube diameters 
and thin walled tube), smooth internal surface, and a sharp cutting angle, β.  
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Figure 2: (a) the definitions of sample cutting shoe geometry (after Clayton et al. 1998), and (b) the effect of tube 
geometry on peak triaxial strain along the centre line of a sample tube (Hight & Leroueil 2003). 

Included amongst the best performing samplers in trials in soft marine clays by the Japanese Port and 
Harbour Research Institute, was the Japanese Piston Sampler (JPN) (Tanaka et al. 1996).  The sampler 
is a modified version of the Osterberg-type (ASTM D6519), modified and standardised by the 
Japanese Geotechnical Society.  Piston samplers have been recommended to control the amount of soil 
entering the tube, and better retention during extraction (due to a suction effect developed), and while 
used mostly for cohesive soils, they have also been recommended for the economic sampling of 
cohesionless soils, in preference to expensive in situ ground freezing, however concerns with potential 
destructuration due to loss of effective stress remain (Clayton et al. 1995; Ladd & DeGroot 2003). 

Table 1 presents a comparison of some key sampler dimensions as found in the literature.  The new 
GP-S type piston sampler subsequently discussed in this paper maintains a low ICR but a high AR and 
low B/t ratio, due to the relatively large thickness of the sampler. This is on account of the shape of the 
shoe, which has a short 32mm length straight cutting edge of high strength steel, before widening 
sharply to accommodate the sample liner and sampler casing (Fig. 3).  For loose / soft soils a longer 
cutting blade would be more ideal to reduce the bearing resistance of the sampler as it is advanced into 
the virgin soil, and hence strains induced on the sample. The shorter cutting shoe blade however 
provides rigidity to resist potential warping and buckling damage in denser soils or from encountered 
gravel horizons. However such dimensions would be expected to induce approximately 1% triaxial 
compression strain on the soil sample according to the published data plotted in Figure 2b. 

Table 1. Sampler dimensions. 

Name of 
Sampler 

Sampler 
length 
(mm) 

Thickness, 
t  

(mm) 

Inside 
diameter, 

2R1  
(mm) 

Inside 
Clearance 
Ratio, ICR 

(%) 

Outside 
cutting 

edge 
angle, β (º) 

B/t 
ratio 

Area 
Ratio,  

AR  
(%) 

Piston 

JPN* 1000 1.5 75 0% 6 52 7.5 Yes 

Laval* 660 4.0 208 ? <5 54 7.3 No 

Shelby** 910 1.65 72 <1% 21 46 14.3 No 

NGI54† 768 13.0 54 0.6% 5 6.2 44 Yes 

Geonor76† 585 2 76 0% 15 40 11 Yes 

NGI95† 1000 2.6 95 0.8-1.3% 16 38 11 Yes 

GP-S 1000 11.8 71.2 0.3% 14.5 8.1 78 Yes 

Sources: * Tanaka et al. (1996), ** ASTM D1587 min spec., † Lunne et al. (2006) 
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Figure 3: (a) oblique photo of GP-S sampler cutting shoe, showing shape of cutting head and teeth of core 
catcher gripping a retrieved sample.  (b) elevation photo showing (right image) damaged cutting shoe caused by 
gravels, and replacement cutting shoe (left image). (c) The GP-Sampler. Photos: Mr. Katsuo Sakai. 

2.2 GP sampling 

A new technique for obtaining HQ undisturbed samples using a “Gel-push” (GP) sampler was used for 
the first time in New Zealand during the investigation as a lower cost alternative to ground freezing. 
As the name suggests, the new aspect to the design is the injection of a water-soluble polymeric 
lubricant (gel) from the sampler shoe to lubricate and reduce friction between the cut sample and the 
tube, both during sampling as well as extrusion in the laboratory. The technology has been developed 
progressively over the last decade (pat. 1999, Japan), with a modified JPN/ Osterberg-type piston 
sampler (GP-S) developed jointly by Kiso-Jiban Consultants and Taiwan Construction Research 
Institute for a project in Taiwan under guidance of Prof. Ishihara (Kazuo & Kaneko 2006; Huang et al. 
2008, Sakai pers comms). As with regular piston samplers, it is lowered down a cased, mud-filled 
borehole before being hydraulically pushed into undisturbed soil.  A photo of the sampler is shown in 
Figure 3c with a diagram of the sampler operation shown figuratively in Figure 4a.   

The version of the GP-S design that UC acquired was modified by the designer to take PVC inner 
liners rather than stainless steel, with approximately 71 mm ID. Five PVC liners were supplied with 
the sampler, and more PVC tubes were acquired based on pipe with close-matching dimensions from 
NZ suppliers. UC has also acquired two rotary samplers featuring triple tube (GP-Tr) with regular or 
diamond drill-bits (GP-D) for sampling dense cohesionless soils up to gravelly sand/ sandy gravel 
sizes (downhole up to 80 mm ID).  This paper focuses on GP-S sampler used to acquire loose to 
medium dense samples for liquefaction strength testing in light of the recent earthquakes in 
Christchurch and widespread manifestation of liquefaction. Figures 4 and 5 present photos taken 
during the trial operations with the GP-S sampler in the Christchurch CBD in August 2011. 

  
Figure 4: (a) Illustration of the stages of operation of a GP-S type JPN sampler; (i) lowered down cased hole; (ii) 
pushed into virgin soil; (iii) closure of core catcher; (iv) removal to the surface (after Lee, 2011). (b) Drilling rig 
mobilised in the Christchurch CBD. (c) Removal of GP-S sampler from down the hole. 

Gel$Push$sampler$

(i) (ii) (iii) (iv) 

(a) (b) (c) 

(a) (b) (c) 
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Figure 5: (left) disassembly of sampler; (right) extraction of PVC inner liner (note gel-polymer film).  

2.3 Sample Handling. 

ASTM D4220 provides details on standardised best-practice with regards to transport of soil tube 
samples. Under the guidance of the sampler developers from Kiso Jiban Consultants, the sample liners 
were packed with expanded styrofoam tubes cut to length to provide restraint and confinement to the 
sample inside the liner. They were positioned vertically, and allowed to drain for 24 hours prior to 
transporting, firmly restrained across the rear seat of a passenger car, in preference to placement in the 
boot, or flat-deck of a truck. For further details on other techniques to reduce travel disturbance, 
particularly where travel distance is significant, see the aforementioned ASTM standard.   

2.4 Evaluation of GP sample quality 

In the literature, a number of tests may be performed to determine the quality of samples.  These 
include: Visual and X-ray photography (ASTM D4452) to inspect the soil fabric for signs of gross 
disturbance, comparison of tube sampling strains and yield strains, reconsolidation strains, 
measurement of initial effective stress (e.g. initial suction in cohesive sample), comparison of insitu 
and laboratory measurements of dynamic shear modulus (i.e. shear wave velocity, Vs) (Hight & 
Leroueil 2003).  While Tatsuoka and Shibuya (1992) showed poor correlation between lab and field 
measurements of sands acquired by thin wall tube samples (but excellent with frozen samples), Huang 
et al. (2008) compared the field and laboratory Vs measurements of GP acquired samples with 
generally good agreement, suggesting minimal disturbance was possible with the new sampling 
technique.   

Unpublished data presented by Lee (2011) from cyclic testing of GP acquired samples of silty sands of 
fluvial origin in Taiwan suggest fabric of the soil is well preserved, with undisturbed samples 
exhibiting higher cyclic strengths than reconstituted samples tested at the same relative density. This is 
consistent with results from frozen samples in the literature. Such a comparison provides positive 
indication of the high sample quality possible with the GP sampler design. 

3 FIELD TRIALS IN CHRISTCHURCH CBD 

3.1 Location of sampling sites 

Two sites, K1 and MA1 were considered for initial trials with the GP samplers. These were selected 
based on the observed performance of the ground locally following the 22nd February 2011 
earthquake.  Both sites had clear, significant manifestation of liquefaction including sand boils and 
settlement of ground, affecting multi-storey buildings.  These were on Kilmore Street (K1), between 
Colombo and Manchester Streets and the corner of Madras and Armagh Streets (MA1).  Details of 
observations and effects on buildings is presented by Cubrinovski et al. (2011).  Both sites were tested 
using CPT, prior to drilling and sampling to identify horizons where uniform samples might be 
obtained in sufficient quantity to allow liquefaction strength curves to be developed in the laboratory.  
The K1 sample borehole was completed to 20 m with a PVC tube grouted in place allowing downhole 
seismic testing to be performed.  This was not carried out at MA1 site due to time constraints.  Both 
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sites are located within 5-10 m of shallow surface based shear wave velocity profiling undertaked by 
the Christchurch Earthquake Recovery Authority (CERA). 

3.2 Sample Quality Evaluation 

Two main forms of quality evaluation are presented herein; visual and lab / field Vs comparison.  It is 
also proposed to trial downhole gamma-gamma logging to provide a further check on sample quality 
by comparing field and laboratory void ratio measurements. At time of writing this has not been 
conducted. 

3.2.1 Visual Inspection 

The samples from K1, the first trial site, were generally of very good quality. Observations following 
extrusion in the laboratory showed samples with very good structure and apparently minimal 
disturbance at the edges of the samples (Fig. 4).  Removal of the gel-impregnated outer layer of the 
soil using a sharp blade allowed closer observation of soil fabric and possible disturbance. 

 

 
Figure 4: Left; some extruded samples of silty-sand from the upper 4-6m at site K1. Centre; surface of sample 
trimmed to observe fabric of silty sand sample. Right; beach/dune sand deposit from 11-12m depth. 

All samples were photographed, weighed and measured with a vernier (for bulk density 
determination), and geotechnical descriptions and quality of sample logged to enable laboratory test 
programme to be optimised for the samples obtained, prior to sealing in plastic wrap and storage.    

The MA1 site had significantly lower quality samples retrieved, which would not be acceptable for 
laboratory testing for engineering practice.  Significant shearing of the samples had induced cracking 
along the sample length, particularly on one side of the sample (not shown).  This was subsequently 
found to be due to the use of the NZ-acquired PVC liners which were not a perfect fit in the sampler 
unlike the original Japanese PVC liners used on site K1, resulting in imperfect inside clearance, 
allowing the sample to hit the edge of the sample liner on entry, with the resulting shearing induced 
gross damage to the samples.  

3.2.2 Shear Wave Velocity Testing 

A comparison of laboratory bender element tests performed prior to cyclic triaxial testing of GP-
acquired samples and field (downhole) acquired Vs measurements from K1 site is presented in Figure 
5.  The comparison shows close agreement between the measurements (Fig. 5A) indicative of high 
quality samples, and fits the observations following extrusion of the samples. However when the data 
is normalised (Fig. 5B), it appears there may still be undesirable strains induced in the samples, with 
loose samples densified (Vs,lab/Vs,field > 1), and dense samples loosened (Vs,lab/Vs,field < 1) by the 
sampling process. Note also that the variability in the CPT trace at this location, particularly within the 
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fluvial silty sands of the upper 8 m suggests the 1 m sampling frequency of the downhole Vs 
measurements may not capture the natural variability in Vs sufficiently to expect a precise match. 
However the trend presented in Figure 5B suggests this is to some degree on account of the relatively 
high compression strains induced due to the sampler cutting shoe geometry.   

 
Figure 5: Left; comparison of field and laboratory Vs testing. Mean downhole Vs presented, alongside CPT cone 
resistance trace at this location. Right; comparing laboratory Vs,1 data normalised against field measurements 
(mean Vs,1), where Vs,1 is the shear wave velocity normalised against confining stress. 

4 CONCLUSIONS 

This paper presents some initial trials performed using a new ‘Gel push’ piston sampler obtained by 
the University of Canterbury for the purpose of obtaining high quality undisturbed samples that retain 
the natural in situ soil fabric, essential to characterise the in situ soil response when tested in the 
laboratory, for the purpose of validating correlations to field tests and for calibrating advanced 
constitutive soil models.  Efforts to date have shown the new sampler has great promise with some 
very good samples recovered from a site in the Christchurch CBD, however further work is required to 
hone the design and procedure to improve the quality, particularly loose sandy soils with Vs < 150 m/s, 
which are prone to densifying when subject to the compression strains induced during the sampling 
procedure.  Further difficulties encountered involve procurement of suitable locally acquired PVC 
tubes to fit the Japanese sampler without causing damage to samples.  The solution to both problems 
may be simply a re-design of the cutting shoe of the sampler. Research efforts to address the identified 
issues and improve the quality of sampling and testing of cohesionless soils are ongoing. 
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