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2 Ground conditions 

2.1 Geology 

Hamilton City is situated within the Hamilton lowlands or basin (Figure 2.1), a graben that has been 
progressively infilled with a complex sequence of volcanogenic alluvium and various ignimbrites and 
tephra since c. 2 million years ago (McCraw, 2011). 

 
Figure 2.1: The Hamilton lowlands or Basin in the upper central North Island is bounded to the west and east by 
ranges and bisected by the Waikato River (McCraw, 2011). 

Two distinct periods of deposition can be characterised in the Hamilton lowlands and are observed 
in the present day landscape as older materials (Walton Subgroup) forming the broad hills and 
younger materials (Primarily the Hinuera Formation of the Piako Subgroup) forming extensive plains. 
The Walton Subgroup and Piako Subgroup are part of the Tauranga Group. Younger Holocene 
sediments are also present in the Hamilton Basin within gullies, peat bogs and along river terraces. 
The adopted geological units within the project area are illustrated in conceptual form in Figure 2.2 
and described in greater detail below. See Figure A1.3 in Appendix A for soil map. 
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Figure 2.2: Main landscape units and geological materials, Hamilton Basin (Lowe, 2010). 

Walton Subgroup 

The Walton Subgroup, forming the present day broad hills, comprises a sequence of ignimbrites and 
tephra from several sources and fine grained volcanoclastic alluvium (Edbrooke, 2005). The 
deposition of the Walton Subgroup beds occurred between 2 million years ago to 27,000 years ago 
in the Pleistocene Epoch. During later stages these materials eroded forming hills and valleys. The 
Walton Subgroup deposition ended upon the Oruanui Eruption (27,000 years ago). 

The Hinuera Formation 

Following the Oruanui eruption, the existing topography was infilled by the Piako Subgroup, 
specifically the Hinuera Formation, which formed the extensive plains observed in Hamilton 
lowlands. The Hinuera Formation comprises interbedded coarse alluvium, pumice gravels, peat and 
silts deposited by braided river systems of the ancestral Waikato and Waipa Rivers. These rivers 
continued to deposit vast amounts of sediment into the Hamilton lowlands until climatic conditions 
changed c. 17,000 and the river systems entrenched into present day positions (Molloy, 1998). 

Due to the nature of the depositional environment, the Hinuera Formation is highly variable both 
laterally and vertically. Loose sands and gravels are found in the higher energy environments and 
levees and finer grained sediments such as silt represent the low energy environments such as 
embayed channels and on the inside of river bends. 

Peat 

The nature of the depositional environment of the Hinuera Formation also led to the impeding of 
many of the braided channels which subsequently would go on to form lakes and swamps leading to 
the development of vast peat deposits on the Hinuera Formation or at the slope margins of the 
Walton Subgroup. Some of these are visible at the surface today as raised bogs although peat layers 
and lenses are common throughout the Hinuera Formation. Singleton (1991) also attributes the peat 
bogs visible within Hamilton Basin to a warming of the climate and the river carrying less sediment 
therefore changing from a being a braided system to the entrenchment into more discrete channels. 
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Figure 2.4: Example of CPT traces from the Low Hills geomorphic zone 

T+T attempted to refine these geomorphic zones into smaller sub areas by regrouping the CPT traces 
into smaller groups. However, inspection of these smaller groups of CPT did not show any better 
characterisation of the soil conditions beyond the general trends captured within the four broad 
geomorphic zones.  

In general CPT traces indicate there is a high degree of variability in the nature and thickness of the 
soils in the study area. In particular this is apparent in the areas mapped as Alluvial Plains and Peat 
which both exhibit a high degree of variability. The CPT traces in these zones indicate the presence 
of loose/soft soils exhibiting clay like behaviour to denser sands and gravels across the full ten meter 
length of CPT analysed. 

The Recent Gullies/River Terraces and Low Hills indicate less variability than the other two groups. In 
general the Recent Gullies/River Terraces CPT traces indicate a moderately dense material with sand 
to silt like behaviour, whereas the Low Hills CPT traces indicate a loose/soft material exhibiting clay 
like behaviour.  
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Table 2.4 provides the total number of CPT and the typical characteristics of the soil profile as 
inferred from CPT traces for each geomorphic zone. The distance to closest CPT statistics are a 
measure of the distance to the closest CPT from any point within the study area, this is provided as a 
useful metric to illustrate CPT coverage. Due to data clustering, quoting the average density of CPT 
within the study area is potentially misleading as it does not convey the areas that are further from 
clustered data points. The closest CPT statistic shown below compare favourably with the indicative 
average investigation densities suggested in the MBIE (2017) guidelines which correspond to 
distances of 160 to 1000 m to the nearest investigation point for a level B liquefaction assessment.  

From these values it can be seen that The Alluvial Plains appear to be better characterised than the 
other groups. The reasons for there being a lower density of CPT in the other areas is likely to be 
that there has been less development within the more challenging zones (Peat and Gullies) and the 
Low Hills mostly having been developed already and also requiring fewer deep investigations CPT to 
assess ground conditions for residential development. 

Table 2.4: CPT characteristic by geomorphic zone 

Geomorphic 
zone 

Total 
CPT No. 

Distance to 
closest CPT 

Characteristic soil profile inferred from CPT traces 

Low hills 178 Lower Q: 350 m 
Median: 760 m 
Upper Q: 1660 m 
 

Generally consistent qC of approx. 1 to 3 MPa throughout 
the top 10 m depth although some traces did see an 
increase with depth. 
IC indicates sandy silt to silty clay behaviour although with 
a high degree of scatter for the full depth of influence. The 
top 4-5 m shows a higher number of traces indicating clay-
like behaviour. 

Alluvial 
plains 

523 Lower Q: 240 m 
Median: 480 m 
Upper Q: 780 m 
 

Split into 3 geographic sub-zones to demonstrate CPT 
trace patterns (NE of Waikato River, south east of Waikato 
River and west of Waikato River).  
General linear increase in qC of approx. 1 to 10 MPa from 
GL to 10 m bgl albeit with a degree of scatter. 
Range of IC indicates clean sand to silty clay-like behaviour. 
Each set of traces exhibits similar behaviour in terms of qc 
and IC indicating that the same degree of soil behaviour 
variation can be expected within different areas of the 
city.  

Peat 96 Lower Q: 340 m 
Median: 630 m 
Upper Q: 950 m 
 

General linear increase in qC of approx. 1 to 8MPa from GL 
to 10 m bgl albeit with a degree of scatter. 
Range of IC indicates clean sand to silty clay-like behaviour. 
Organic soil-like behaviour more common in the 0 to 6 m 
range.  
Variable CPT traces linked to the nature of peat along with 
the thickness present and the underlying geological unit.  

Gullies/river 
terraces 

117 Lower Q: 340 m 
Median: 700 m 
Upper Q: 1260 m 
 

qc range of approx. 0 to 10MPa for top 3 m.  
qc range of approx. 0 to 15-20MPa from 3 to 10 m. 
IC indicates silty sand to silty sand-like behaviour from 0 to 
10m. 
Upper 1 to 2 m indicates greater range of behaviour from 
Gravel to Organic soil-like behaviour. 
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Table 4.2: Degrees of liquefaction-induced land damage (MBIE/MfE/EQC, 2017) 

 
 

The main potential consequences of liquefaction are discussed in MBIE Planning and Engineering 
Guidance for Potentially Liquefaction-Prone Land. Table 2.1 from these guidelines is reproduced in 
Table 4.3 of this report. 
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These characteristic LSN ranges are intended only for use in area-wide hazard assessment using the 
MBIE (2017) performance criteria. Different values may be more appropriate for other purposes 
(such as site-specific design) where more detailed information is available, there is less uncertainty, 
and there are different consequences for under-predicting or over-predicting liquefaction 
vulnerability. 

Table 4.5: Characteristic LSN adopted for purposes of the study 

Degree of liquefaction-induced 
ground damage 

Approximate characteristic LSN ranges 
used for this high-level hazard study 

None to Minor <13 
Minor to Moderate 13-18 
Moderate to Severe >18 
NOTE:  These values are intended only for use in area-wide hazard assessment using the 

MBIE (2017) performance criteria. Different values may be more appropriate for 
other purposes (such as site-specific design). 

Lateral spreading has not been included in these characteristics of liquefaction related land damage 
because LSN is not intended for lateral spreading assessment. 

To understand the potential liquefaction vulnerability of the study area, the LSN value was 
calculated at each CPT location for the each of the combinations of earthquake shaking and depth to 
groundwater shown in Table 4.1. The relationship between LSN and each geomorphic zone was 
investigated in two ways; first by overlaying the calculated LSN value at each CPT location and 
second by producing combinations of summary statistics of the LSN values grouped by geomorphic 
zone, earthquake shaking and depth to groundwater. 

Maps showing the geospatial distribution of the calculated LSN value overlaid on the geomorphic 
zone for the Average Recurrence Intervals (ARI) and depth to groundwater combinations shown in 
Table 4.6 are included in Appendix C1. 

Table 4.6: Mapped combinations of ARI Earthquake and GWD shown in Appendix C1 

 ARI Earthquake 
GWD 100 year 500 year 1,000 year 
1 Figure C1.1 Figure C1.2 Figure C1.6 
2 N/A Figure C1.3 N/A 
3  N/A Figure C1.4 N/A 
4 N/A Figure C1.5 N/A 

The summary statistics generated were histograms and box and whisker plots of LSN. These were 
compiled onto a single page to enable comparison between each geomorphic zone for the ARI and 
GWD shown in Table 4.7. These summary statistics are included in Appendix C2 and an example of 
the 500 year ARI for 1 m GWD is provided in Figure 4.2. 

Table 4.7: Summary statistic combinations of ARI and GWD shown in Appendix C2 

 ARI Earthquake 
GWD (m) 25 year 100 year  500 year 1,000 year 
0.1  Figure C2.1 Figure C2.2 Figure C2.3 Figure C2.4 
1 Figure C2.5 Figure C2.6 Figure C2.7 Figure C2.8 
2 N/A N/A Figure C2.9 Figure C2.10 
3  N/A N/A Figure C2.11 Figure C2.12 
4 N/A N/A Figure C2.13 Figure C2.14 
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Figure 4.2: Example LSN summary statistics for the 500 year ARI and 1m GWD. The � b̂ox�_ represents the lower 
and upper quartiles with the vertica�o���o�]�v�����•�Z�}�Á�]�v�P���š�Z�����u�����]���v�X���d�Z�����Z�}�Œ�]�Ì�}�v�š���o���^�Á�Z�]�•�l���Œ�•�_�����Œ�����š�Z�����u���Æ�]�u�µ�u�����v����
minimum extents of the data excluding any points which are classed as outliers (shown as individual dots). 

This same information was also recompiled onto a single page to enable comparison between 
various GWD for the 500 year ARI for each geomorphic zone as shown in Table 4.8. These summary 
statistics are included in Appendix C3 and an example of the Low Hills for 500 year ARI is provided in 
Figure 4.3 below. 
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Table 4.8: Summary statistics for 500 year ARI earthquake for each geomorphic zone shown in 
Appendix C3 

Geomorphic Zone Figure No. 

Low Hills Figure C3.1 

Recent Gullies/River Terraces Figure C3.2 

Peat Figure C3.3 

Alluvial Plains Figure C3.4 

 

 
Figure 4.3: Example LSN summary statistics for the low hills geomorphic group and 500 year ARI. �d�Z�����^���}�Æ�_��
�Œ���‰�Œ���•���v�š�•���š�Z�����o�}�Á���Œ�����v�����µ�‰�‰���Œ���‹�µ���Œ�š�]�o���•���Á�]�š�Z���š�Z�����À���Œ�š�]�����o���o�]�v�����•�Z�}�Á�]�v�P���š�Z�����u�����]���v�X���d�Z�����Z�}�Œ�]�Ì�}�v�š���o���^�Á�Z�]�•�l���Œ�•�_��
are the maximum and minimum extents of the data excluding any points which are classed as outliers (shown 
as individual dots). 

In order to safely clear underground services, some locations where CPT were undertaken were 
predrilled with a hand auger. This means that the predrilled portion of the CPT trace is not 
representative of the true undisturbed ground conditions. The depth of the predrilled portion of the 
CPT varies depending on the specific requirements of each site however 1.5 m is typical.  
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While the portion of CPT that is predrilled is cannot be reliably interpreted, it is still useful to 
consider the available CPT data for depths below the predrill depth as this provides important 
information about the underlying soil conditions. For the maps shown in Appendix C1, if the 
predrilled portion of the CPT is affecting the calculation of LSN, this is shown as a grey dot. For the 
summary statistics, if the predrilled portion of the CPT was affecting the calculation of LSN the CPT 
was not included in the analysis. 

4.5 Pumiceous soils and aging factors 

Recent research has suggested that the use of CPT (and other large strain tests) in pumiceous soils 
may lead to an underestimate of the soil strength due to the particles having a low crushing 
resistance. This underestimate in turn may lead to an underestimate of the liquefaction resistance of 
that soil (Wesley, Meyer, & Pender, 1998). The proportion and particle size of the pumice present 
within the soils in the study area is highly variable and therefore the effect of low crushing resistance 
at the scale of this study cannot be quantified. Alternative geotechnical testing methods for 
assessing liquefaction resistance of pumiceous soils, such as shear wave velocity testing, are 
currently used by geotechnical practices for detailed assessment. However, their use is currently not 
widespread, the results require careful interpretation and application, and only a small number of 
these types of investigations are available in the HCC area.  

Early work on liquefaction by Youd and Perkins (1978) suggested that liquefaction resistance 
increases markedly with geologic age, attributable mainly to cementation and secondary 
consolidation of the deposits. While the CPT values increase as a soil age increases, they increase at 
a slower rate than the cyclic resistance to liquefaction therefore it may be argued that an aging 
factor should be applied to the CPT data. There is no international consensus on what the correction 
factors should be, and as a result recommended practice is not to make aging corrections unless the 
corrections are based on shear wave velocity results since shear wave velocity testing can be 
demonstrated to be more responsive to aging (i.e. as the soil ages the shear wave velocity increases 
at the same rate as the cyclic resistance to liquefaction. Clayton & Johnson (2013) propose that the 
potential aging effects within Hinuera Formation and Walton Subgroup may be a more significant 
issue for Hamilton than the issue of low crushing resistance in pumice. They suggest the method of 
(Andrus, Hayati, & Mohanan, 2009) could be adopted to develop an age related liquefaction 
resistance factor (KDR). 

The liquefaction analyses presented in this study have not been modified to make allowances for 
either pumiceous soils or aged soils. This is considered appropriate for the broad range of conditions 
assessed and the relatively high level nature of the assessment. However, the potential influence of 
these types of soils should be considered for site specific liquefaction assessments. 
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�^�d�Z�����‰�Œ�}�������]�o�]�š�]���•���o�]�•�š�������]�v���š�Z�]�•���š�����o�������Œ�����]�v�š���v���������š�}���‰�Œ�}�À�]�����������P���v���Œ���o���]�v���]�����š�]�}�v���}�(���š�Z�����o���À���o���}�(��
confidence required to assign a particular category, rather than to be a specific numerical criteria for 
calculation. Conceptually, these probabilities relate to the total effect of all uncertainties in the 
���•�•���•�•�u���v�š�Y�_ 

That is, the guidance recommends the assessor consider the combined effect of all the uncertainties 
associated with the available information in the determination of the land damage category.  

The general methodology applied to determine the liquefaction vulnerability category for the study 
area is as follows: 

1 Evaluate the uncertainties associated with the mapping of each geomorphic zone. This 
includes consideration of the resolution of mapping and the variability of soil conditions within 
each geomorphic zone interpreted from geotechnical investigations.  

2 Evaluate the uncertainties associated with the groundwater level within each geomorphic 
zone. Due to the limited amount of information about groundwater within the study area this 
is primarily dependent on field experience and engineering judgement and is one of the most 
significant sources of uncertainty in this assessment. 

3 Evaluate the uncertainties associated with the determination of the seismic hazard for the 
study extent. Whilst current scientific understanding suggests that the Hamilton area is 
expected to have a relatively low level of seismic hazard compared to other regions across 
New Zealand, there remains considerable uncertainty regarding the likelihood and intensity of 
earthquake shaking that could occur. This uncertainty is especially relevant where 
liquefaction-susceptible soils are present but estimated design shaking intensities (e.g. PGA 
for 100 year ARI design event) are unlikely to be strong enough to trigger liquefaction. This 
means that if earthquake shaking intensity is slightly greater than assumed for design (or if 
design PGA values increase in future due to improved understanding of the hazard), then a 
step-change worsening in performance could occur. For this reason, where liquefaction-
susceptible soils are present it is generally not preferable to rely exclusively on low design PGA 
values to assign a liquefaction vulnerability category of Liquefaction Damage Is Unlikely, Very 
Low or Low. 

4 Evaluate the uncertainties associated with the evaluation of liquefaction vulnerability from the 
CPT analysis. This includes consideration of the inherent uncertainties in the calculation of LSN 
from CPT, the possible range of liquefaction-induced land damage that could occur for a given 
LSN value. It also includes consideration of how well that particular unit is characterised by 
CPT and how well the likely performance of the land can be inferred from these CPT. This is a 
source of significant uncertainty in the assessment of liquefaction vulnerability because the 
analyses carried out represent probabilistic analyses of empirical liquefaction databases under 
various earthquakes. Earthquakes are unique and impose different levels of shaking in 
different directions on different sites. 

5 Based on the consideration of all of these uncertainties, assign one of the liquefaction 
vulnerability categories defined in Figure 5.1 to the land within the project extent. 
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6 Lateral spreading vulnerability 

Observations from previous earthquakes demonstrate that liquefaction-induced lateral spreading 
can cause significant damage to buildings, infrastructure and the environment. Therefore 
consideration of the potential for lateral spreading should be applied when undertaking a 
liquefaction vulnerability assessment. 

When considering the potential for lateral spreading adjacent to a free-face, the Planning and 
engineering guidance for potentially liquefaction-prone land (MBIE/MfE/EQC, 2017) notes that �^�/�š���]�•��
less likely (but not impossible) for lateral spreading to occur if there is no liquefied soil within a depth 
of 2H of the ground surface (where H is the height of the free-�(�������•�X�_ Zhang, Robertson, & Brachman 
(2004) define H as the difference in height from the toe of the embankment (frequently the invert of 
a river or other water surface body) to the top of the embankment for which lateral spreading is 
being assessed (see Figure 6.1). 

 
Figure 6.1: Free face height (H) as defined by Zhang et al. (2004) 

However, with the information available for this study it is difficult to accurately define the free face 
height (H). This is primarily because it is difficult to confirm whether or not Digital Elevation Models 
(DEM) derived from LiDAR data are accurately estimating the elevation of the invert due to it 
frequently being obscured by water or vegetation. 

The Planning and engineering guidance for potentially liquefaction-prone land (MBIE/MfE/EQC, 
2017) recommends that particular attention should be given to land that is susceptible to 
liquefaction within 100 m of a free face less than 2 m high; or within 200 m of a free face greater 
than 2 m high.  

Also, particular attention should be given to the potential for lateral spreading to occur on land 
within the River Terraces/Gullies geomorphic zone. This is because of a combination of the land 
being categorised as Liquefaction Damage Is Possible, the potential for relatively shallow 
groundwater and there being a significant number of free faces associated with rivers and streams in 
this zone. It is noted that generally this zone will fall within the HCC gully hazard area which already 
has provisions for hazard assessment within the Operative District Plan. 
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CPT Investigation Locations overlaid on 2007/2008 
LiDAR DEM
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Location Plan

1.Cone Penetration Test locations sourced from New Zealand Geotechnical
Database and Tonkin + Taylor Geotechnical Database.
2. Ground elevation (2007/2008) sourced from the LINZ Data Service, CC 3.0
New Zealand license
3. Basemap sourced from the LINZ Data Service, CC 3.0 New Zealand license

0 1 2 3 4 5 (km)

1:70,000A3 SCALE:

Oct.18












































































	1 Introduction
	1.1 Scope of work

	2 Ground conditions

