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ABSTRACT 
 

The Canterbury Geotechnical Database (CGD) is an online database that has been developed for the 
rebuild of Christchurch following the 2010 - 2011 Canterbury Earthquake Sequence (CES). It was 
designed as a searchable repository for existing geotechnical information as well as a website for all 
new geotechnical information along with supporting geotechnical applications for building and 
resource consents. The data is primarily used for geotechnical design of foundations for rebuilding the 
infrastructure and buildings, but it can also be used for more strategic purposes such as future 
disaster risk reduction, asset management planning, and natural catastrophe loss modelling 
purposes. This paper provides an overview of the information held on the database and how it can be 
used. It reveals the success of the approach and describes the benefits to geotechnical and hazard 
management practice in New Zealand if it were expanded to a national level. 
 
1. INTRODUCTION AND CONTEXT 

 
New Zealand’s location at the collision point of the Australian and Pacific plates means it is vulnerable 
to the earthquake related natural hazards. This has a direct effect on New Zealand built infrastructure, 
which is highly integrated and interconnected with the land itself. Communities are entirely reliant on 
an operational and functioning infrastructure. As such, the need for a resilient built environment has 
increasingly become the centre of focus for the New Zealand government. This focus has sharpened 
since the 4 September 2010 magnitude 7.1 earthquake struck Christchurch and the surrounding 
Canterbury region. The September 2010 earthquake was followed by three other major earthquakes 
in the CES. These four significant earthquakes triggered widespread liquefaction throughout the 
region, but the severity varied greatly. In parts of the Central Business District (CBD) and some 
suburbs, large quantities of ejected sand, silt and water produced vertical ground surface settlement 
and significant damage to commercial buildings, residential houses and property, roads and buried 
infrastructure. Liquefaction-induced lateral spreading adjacent to the rivers, streams and deeper open 
drains exacerbated the damage, with up to 3 m of horizontal ground surface deformation observed in 
the worst affected areas. Major damage occurred to approximately 50% of the horizontal 
infrastructure (roads, electricity, waste water and fresh water). Approximately 65,000 residential 
properties (roughly one third of the total in greater Christchurch) were observed to have minor to 
severe quantities of ejected sand, silt and water, and about 10,000 - 15,000 residential houses were 
so severely damaged that they are beyond economic repair. Overall the damage caused by the CES 
and the surrounding region is estimated to be approximately NZ$40 billion in value which is 
approximately 20% of New Zealand’s gross domestic product, Statistics NZ (2014). 
 
Christchurch is located in the coastal Canterbury region of New Zealand, a region of moderate to low 
seismicity where seismic design parameters are about a half of those for cities such as Wellington, 
Hastings and Napier in the main seismic zone. Since 1840 when European settlement of Christchurch 
began, the area suffered only minor damage from small local and larger more distant earthquakes, 
with what is now recognised as liquefaction triggered in near-coastal sites on a few occasions. 
However, with no experience or expectation of large local earthquakes at that time, the central city 
was sited near the Avon River to utilise this good transport route into the fledgling central city. Prior to 
the Canterbury earthquakes of 2010 - 2011, geotechnical investigations indicated Christchurch is 
predominately located on deep alluvial soils with the depth of soft looser soils increasing towards the 
coastline to the east. The soils are geologically young and contain variable interlayering of loose and 



dense sands, silts and peat, together with some swamp and marine deposits. This combination of 
weak and variable soil characteristics together with high water table towards the east makes these 
soils highly susceptible to the risk of liquefaction. It is noteworthy that coastal residential suburbs were 
still being developed during the 1990’s even though liquefaction susceptibility maps were available in 
Christchurch since 1991. Unfortunately these were largely ignored for planning and development 
purposes due to their apparent lack of availability, St.Clair et al (2011). 
 
The Earthquake Commission land damage assessment teams collated observations of ejected 
material and lateral spreading (to assess land damage claims on the flat land) using on-foot 
inspection of individual properties following each significant earthquake. These observations were 
categorised according to the quantity of ejected material observed on the ground surface, the 
presence or absence of evidence of lateral spreading and their relative severities and are shown in 
Figure 1. The observations only identified liquefaction and lateral spreading that was visible at the 
surface and that was on or immediately adjacent to residential properties. 
 

 

Figure 1. Map showing worst observed land damage across the CES for which land damage was 
mapped and the locations of geotechnical soil test results presented in Figure 3. 

 
As a result of the damage from the CES, the NZ government classified residential land in Canterbury 
into red or green zones. The residential Red Zone is land where the repair and rebuild process was 
identified by the Canterbury Earthquake Recovery Authority (CERA) not to be practical, because the 
required land repair and improvement works would be difficult to implement, prolonged, and disruptive 
for landowners and they were able to sell their properties to the NZ government to manage the 
withdrawal process. The balance of the inspected residential land (the residential green zone) was 
further categorized by the Ministry of Building, Innovation & Employment (MBIE) into three technical 
categories (TC1, 2 and 3) to assist with the rebuilding of homes on what was generally flat land. The 
spatial location of the technical category land areas are shown on Figure 2 and differentiate the levels 
of specific geotechnical investigation and foundation design options that are required to address the 
potential liquefaction issues. 
 
The CES also led to the establishment of a Canterbury Earthquake Royal Commission (CERC) of 
Inquiry into building failure. The CERC produced a report which made 189 recommendations with a 
number related to geotechnical matters. In particular CERC recommendation number 6 states “The 
Christchurch City Council should develop and maintain a publicly available database of information 
about the sub-surface conditions in the Christchurch CBD …………. Other territorial authorities should 
consider developing and maintaining similar databases of their own”. 



 
Figure 2. Map showing the location of Cone Penetration Test (CPT), boreholes and piezometers 
uploaded on the CGD as at September 2014, overlaid on the MBIE (2012) TC2 and TC3 areas. White 
areas on the map represent the port hills, urban non-residential, rural and unmapped land. 
 
As a result of the earthquakes, the realisation of the size of the hazard identification and re-build tasks 
ahead, and the technical categorisation of the land along with the MBIE geotechnical investigation 
requirements particularly in the TC3 areas of Christchurch, there was a substantial amount of goodwill 
generated across the recovery/rebuild community to share geotechnical information. There simply 
was neither the time nor resources to work in New Zealand in isolation. This led to the Canterbury 
Geotechnical Database (CGD) being established by CERA to facilitate and increase the confidence of 
the greater Christchurch recovery process. The CGD is an online database designed as a searchable 
repository for existing geotechnical information as well as a website for all new geotechnical 
information along with supporting geotechnical applications for building and resource consents. It is 
run via a voluntary “terms of use” whereby registered users are able to download information for use 
on a project but in return must upload new geotechnical information generated for these same 
projects Liability on the use of the geotechnical data by data providers is waivered by those who 
download information by way of the CGD “terms of use”. The CGD is made available via the following 
website: https://canterburygeotechnicaldatabase.projectorbit.com. 
 
The CGD has been very successful in a large part due the sharing of geotechnical information 
between the private and public sectors. This paper presents some the advantages to the geotechnical 
engineering profession of sharing such geotechnical information and looks ahead to how a nationwide 
database could be used not only to benefit the geotechnical profession but also for more strategic 
purposes such as assisting with the recovery for future natural disasters wherever they may occur 
and increasing the resilience of the other areas of New Zealand prone to future significant seismic 
events, catastrophe loss modelling and regulatory purposes. 
 
2. EXTENT AND DISTRIBUTION OF GEOTECHNICAL DATA  

 
As at September 2014, the CDG now holds approximately 16,000 CPT traces and 4000 borehole log 
records, 900 shallow groundwater piezometers as well as geophysical S-wave and P-wave (Vs/Vp) 
test data together with other information including LiDAR survey data and groundwater mapping 
information. Approximately half of the CPT and borehole log data has been provided by the 
government through the Earthquake Commission (EQC) as well as other local and central 
government agencies. The other half has been added progressively over time by the private sector. 
The significant contribution of data by the private sector is an indication of the value they see in 
sharing this information and the buy-in by the private sector to the collaborative approach. The 



geographic distribution of CPTs, borehole logs and piezometers is shown in Figure 2. It is noted that 
almost all of the geotechnical investigation data is spatially located on the TC3 land, where MBIE 
intended for geotechnical investigation and site specific assessment and design to be undertaken. 
 
This figure illustrates the predominance of CPTs in the east of the city reflecting the softer / looser 
ground in the upper regions (varying between 10 - 40 m) of the soil profile. The dense gravels that 
underlie the softer soils are shallower with depth to the west of the CBD. These gravels are generally 
unable to be penetrated by CPTs and therefore borehole investigations with accompanying standard 
penetration testing (SPT) become the more dominant investigation tool if deep investigations are 
required. 
 
3. EXAMPLES OF DATA USE 
 
Figures 3 to 6 present some examples of how the collated CGD data can be analysed and mapped in 
Christchurch to provide a site specific and regional scale assessment of soil conditions, ground water 
conditions predicted future liquefaction performance and site specific foundation requirements. 

 
3.1. Correlation of CPT and Crosshole Vs/Vp Traces with Observed Land Performance 
A selection of CPT and crosshole Vs/Vp traces from 11 sites shown in Figure 1 and another 3 sites to 
the north and southwest of the area shown in Figure 1 are coloured based on the liquefaction-induced 
land damage experienced in both the September 2010 (Peak Ground Acceleration, PGA ≈ 0.2g 
locally at the test locations and Mw = 7.1) and February 2011 (PGA ≈ 0.3 - 0.6g locally at the test 
locations and Mw = 6.1) earthquakes. 
 

 

Figure 3. CPT tip resistance (qc), CPT sleeve friction (fs), soil behaviour type index (Ic), crosshole S-
wave velocity (Vs) and crosshole P-wave velocity (Vp) for sites with no observed surface ejection 
(liquefaction-induced damage) in either the Sept 2010 event and Feb 2011 event (light grey traces), 
observed surface ejection in both Sept 2010 and Feb 2011 events (black traces) and no observed 
surface ejection in the Sept 2010 event but with surface ejection in Feb 2011 event (grey traces). 

 
The light grey lines represent sites where there was no manifestation of liquefaction-induced damage 
at the ground surface for both the smaller September 2010 and larger February 2011 earthquake 
ground motions. The grey lines represent sites where there was no manifestation of liquefaction-
induced damage for the smaller September 2010 ground motion but there was liquefaction-induced 
damage recorded during the larger February 2011 ground motion. Black lines represent sites where 
there was manifestation of liquefaction-induced damage for both the September 2010 and February 
2011 events. The Ic parameter was estimated using the Robertson & Wride (1998) method and is 
plotted. What this plot indicates is that soil profiles which have many inter-bedded layers of siltier soils 
with high Ic values are observed to perform well during earthquake shaking (even though liquefaction 
triggering of inter-bedded soil layers is predicted based on the simplified CPT-based analyses). 



Conversely, soils with thick continuous layers of sandier soils with low Ic values are observed to 
perform poorly during earthquake shaking. Likewise, soil profiles with stiff upper soil layers (with 
higher Vs values) perform better during earthquake shaking compared to soil profiles with less stiff 
upper soil layers (with lower Vs values). This dataset is a useful reference point for predicting ground 
performance in other areas of New Zealand with similar CPT and crosshole Vs/Vp traces. 

Geotechnical professionals outside of Christchurch are encouraged to use this data for this purpose. 
 
3.2. Regional Based Maps 
The data sharing model and has significantly added to the volume of data available which has 
enabled reliable interpolation on a regional basis between data points. Examples are shown in Figure 
4 below. Figure 4a maps the depth to CPT refusal. This information is useful is several ways 
including; (i) providing a good understanding of whether CPTs are a useful tool when scoping 
geotechnical investigations (i.e. where CPT’s are likely to refuse early and borehole investigation 
methods are required); and (ii) for example, if a feasibility study for a 5+ level building project is 
undertaken, this map would indicate what are the likely foundation solutions that would be required 
(i.e. 10 - 20 m deep piles in the eastern part of the city and shallow foundations on the western side of 
the city). This can improve scoping of geotechnical investigations and also indicate if investigations 
have anomalously refused at a shallower depth relative to the wider suburb investigation results. 

 

 
Figure 4. Examples of regional scale maps derived from the data in the CGD including (a) depth of 
CPT refusal which indicates the depth to the first hard / dense soil layer, (b) median CPT tip 
resistance (qc) at 2.5 - 3.0 m below the ground surface, (c) median CPT derived Ic at 1.5 - 2.0 m below 
the ground surface and (d) median depth to the groundwater surface. White areas on the maps are 
where the CPT data points were too sparse and could not be sensibly interpolated. 
 
Figure 4b maps CPT tip resistance at a specified depth below ground level, in this case at a depth 
range of 2.5 m - 3 m below the ground surface. This type of map would enable a high level 
assessment of areas in Christchurch where soil conditions are soft / loose or stiff / dense which may 
be useful information to inform for example the construction methodology and machine plant required 
for driving short piles into the ground for shallow ground improvement purposes or trenching support 
requirements to construct pipe networks. This type of map can also be also useful to determine 
regional liquefaction susceptibility. Figure 4c maps the Ic value at a specified depth below ground 
level, in this case at a depth range of 1.5 m - 2 m below the ground surface. This type of map would 
enable a high level assessment of areas in Christchurch where soil conditions are sandy (generally 
indicative of lower Ic values) or silty (generally indicative of higher Ic values) and may provide useful 
information for scoping site specific geotechnical investigations including whether laboratory testing 
may be necessary to confirm the soils Fines Content (FC) at a particular site for liquefaction 



assessment purposes. In addition this map is also a useful indicator of the types of ground 
improvements that will be effective in different areas throughout Christchurch because some ground 
improvement methods are more effective in sandy soils and less effective in silty soils. Figure 4d 
maps the median groundwater level across the city interpolated between about 900 regularly 
monitored piezometers (reproduced from van Ballegooy et al. 2014). This information is useful for 
construction and liquefaction assessment purposes, as well as for example understanding the 
relationship between groundwater and the inflow and infiltration into existing pipe and drainage 
network for operational and management purposes and also inform capital expenditure decisions. 
 
All of the above maps can assist land use and infrastructure planners and asset managers in their 
decisions about land use and where and how to develop assets and whether additional enhancement 
is necessary to existing systems to improve the resilience of the critical infrastructure. Preparing and 
using information like that shown on Figures 4 becomes possible as data richness increases at any 
particular location. When such datasets are used together (and with other datasets) they will better 
inform infrastructure asset management, capital expenditure decisions and land use planning. 

 
3.3. Local Data Correlations 
Another example of how extensive data sets can be used is shown in Figure 5. The plot on the left is 
reproduced from Boulanger and Idriss (2014) and shows the worldwide dataset on which the default Ic 
versus FC correlation is based (used for simplified CPT-based liquefaction assessments). The plot on 
the right shows the dataset from the laboratory test data shown on borehole logs available on the 
CGD with adjacent CPT investigation points. Figure 5 suggests there is scope for local Ic - FC 
correlations to further refine liquefaction assessment in Christchurch as recommended by MBIE 
(2014). It is noted that Boulanger and Idriss (2014) support the Ic correlation method, but “strongly 
encourage” the use of site-specific correlations based on laboratory testing. 
 

 
Figure 5. Plots of Ic versus laboratory FC. The plot on the left is reproduced from Boulanger and Idriss 
(2014). The plot on the right shows the Christchurch dataset sourced from the CGD as at July 2014. 

 
3.4. Building Foundation Guidance 
Another use of the CDG dataset is illustrated in Figure 6. The MBIE (2012) criteria used for the 
foundation solutions in TC3 areas was assessed on a regional basis based on predicted settlement 
and lateral stretch at the service and ultimate limit states (SLS and ULS respectively). The intention of 
the foundation solution guidelines was in a large part to allow structures to either tolerate some 
degree of liquefaction induced settlement or enable these structures to be re-levelled post a seismic 
event, depending on the likely ground performance. Figure 6a and 6b are maps showing the predicted 
PGA required to cause liquefaction-induced settlement of 50 and 100 mm respectively. Figure 6(c) 
shows the assessed MBIE (2012) guidelines site criteria for all of the TC3 land, indicating spatially 
which foundation systems are likely to be required throughout the TC3 area. If similar data sets exist 
and analysis undertaken elsewhere in New Zealand, then similar maps could be prepared to guide 
land use planning and urban growth strategies by territorial authorities which in turn will increase the 
resilience of these communities to future significant seismic events. 

 
3.5. Other Outcomes 
Some other notable non-technical successes and benefits of the CDG include: 
(a) After the CES, TC3 category land was complex to assess for bank’s whose customers were 

seeking home loans for repair and replacement of their properties. In 2013 a local bank 

developed a new borrowing review tool which relied heavily on the geotechnical information from 



the CGD in combination with information from insurance agencies (Stuff, 2013). This tool 

increased the bank’s knowledge and understanding of the land, providing them with the 

necessary information to be able to assess loan applications, without further site investigation, for 

up to 90% of TC3 borrowers. The CGD’s capacity to provide banks with the ability to evaluate the 

geotechnical risk profile of a property means it no longer needs to consider any lending 

distinction based on the “blunt tool” of technical categories (Westpac, 2013). 

(b) Making the CGD database data available to the international reinsurance industry provided them 

the ability to undertake their own risk assessments and therefore provide reinsurance capacity to 

the New Zealand underwriting market. 

(c) It is estimated that the total site investigation savings in TC3 land for residential property due to 

access to adjacent residential site investigation information are in the NZ$50 - 100 million range. 

This figure does not account for infrastructure and commercial development savings and other 

qualitative benefits such as improved confidence in the level of risk exposure and faster rebuild 

times due to more efficient use of resources etc. 

(d) The CDG has changed how the geotechnical professionals now work and it has become integral 

to their business practices. The consultants now have the ability to put more attention into 

analysing existing data rather than collecting new geotechnical data. Access to more 

geotechnical information than would normally be the case enables more focussed designs as a 

site is able to be evaluated in the context of both its immediate and also surrounding geological 

environment. This in turn lowers costs to clients both in the investigation and building 

components of a project. 

(e) This data model is a very cost effective way to store and share information which reduces the 

significant inefficiencies in retrieving archived files and relying on corporate knowledge etc when 

planning new projects. 

 

 
Figure 6(a & b). Maps showing the Mw 6.0 earthquake PGA required to trigger 50 mm and 100 mm 
(respectively) of calculated settlement using the MBIE (2012) stipulated calculation approach with the 
Boulanger and Idriss (2014) liquefaction triggering method.. Figure 6c: Map showing the assessed 
MBIE (2012) guidelines site criteria for TC3 land, indicating spatially which foundation systems can be 
used throughout the TC3 area. White areas on the map represent the port hills, urban non-residential, 
rural and unmapped land, or where the CPT data points were too sparse and could not be sensibly 
interpolated. 



4. DISCUSSION AND CONCLUSIONS 
 
In this paper, examples are presented of how an extensive geotechnical dataset can be used to; 
 

 Present geotechnical and other information in a single accessible location and thereby reducing 
data management inefficiency and more accurately plan site investigations and undertake high 
level assessment of project location implications; 

 Provide correlated ground strength and seismic ground performance data that could be used in 
other locations in New Zealand as a benchmark for expected ground performance in similar 
geological settings; 

 Provide sub-surface data to decisions makers so as to enable them to make land planning 
decisions and determine the appropriateness of foundation solutions. This will increase 
community resilience in the long term; 

 Reduce the cost of projects both by reduced investigations and less conservative designs and 
change business practice by sharing rather than hoarding geotechnical information; 

 Enable regulatory guidance to be prepared and assess the likely impacts of such guidance; and 
 Facilitate access to project funding by enabling risk management decisions to be more easily 

undertaken by project funders. 
 

The data sharing model has enabled a significant dataset to be developed to the benefit of both the 
private and public sectors and it is a quiet success story in the recovery of greater Christchurch 
following the CES. As a result MBIE is in the process of consulting on a business case for a national 
geotechnical database, building on the success of the CDG. This paper presents a compelling 
argument that a national geotechnical database together with an associated collaborative data 
sharing model will provide significant benefits to other areas of the country. 
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