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EXECUTIVE SUMMARY 
This report presents the results of a geotechnical investigation, geohazards assessment, and geotechnical 
recommendations, to support a land use plan change application to Hamilton City Council for a proposed 
residential development on the eastern side of Te Rapa Racecourse grounds. 

The site is relatively flat with existing ground levels ranging from RL 32.5m to RL 35m. Most of the site is 
currently grassed.  It is underlain by sands and silts of the Hinuera Formation. Soft compressible soils were 
encountered within the top 1.0m to 1.5m at some locations. Groundwater was encountered at depths of 
1.5m to 2.8m below the current ground level (RL 32m to 33.2m). 

Geotechnical recommendations for the proposed redevelopment are summarised as follows: 

¶ The geologically recent Hinuera Formation sands and silts are considered susceptible to liquefaction 
during the ultimate limit state ULS (1 in 500 year) earthquake event. 

¶ To mitigate liquefaction induced settlement TC2 foundations will generally be required. TC2/TC3 hybrid 
foundations comprising a TC2 raft plus a geogrid reinforced gravel raft will be required at the location 
of CPT02.  The lateral extent of this zone will require further investigation during subdivision design. 

¶ The proposed development is located on flat to gently sloping (<5Á) topography where the site was 
assessed to have a low risk of slope instability. Any temporary cut or fill batter stability should be 
assessed at resource consent stage. 

¶ For the foundation dimension and working pressure combinations considered, load induced settlement 
across the site is expected to be relatively uniform and differential settlement expected to be below 
recommended building code limits, providing the soft soils encountered are undercut and replaced with 
engineered fill. 

¶ The assessed expansive soils classification for the site with respect to AS2870 has been categorised 
as óAô (non-expansive), for which no mitigating geotechnical actions are required. 

¶ Soils of Hinuera Formation are expected be encountered at design subgrade level across the site. 
Cohesive Hinuera soils (silts and clays) are known to be susceptible to strength loss when remoulded, 
and particularly when they are allowed to get wet. These soils will require careful earthworking. 

¶ Based on the geological units encountered beneath the site, the seismic site subsoil category is 
assessed as being Class D (deep soil site) in accordance with NZS1170.5. 

¶ Conventional soakage trenches or soakholes are considered a practical solution for the disposal of 
stormwater within the proposed development area. Detailed assessment of stormwater design 
volumes, stormwater pond design, soakage trench locations and specific design will be required at the 
engineering plan approval stage and prior to any building development. 

Further work will be required at Resource Consent / Engineering Plan approval stage and during detailed 
design, which includes further on-site investigation, and associated assessment and supplementary 
interpretive reporting. 
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1 INTRODUCTION 

1.1 Project Brief 
CMW Geosciences (CMW) was engaged by Waikato Racing Club to carry out a geotechnical investigation 
and assessment for a site located at Ken Browne Drive, Hamilton, which is being considered for the 
construction of residential dwellings. 

The scope of work and associated terms and conditions of our engagement were detailed in our services 
proposal letter / CTR / contract referenced 2016-0109AA, Rev.1 dated 2 May 2017. 

This report is to support a land use plan change application to Hamilton City Council and provides the basis 
for the Statement of Professional Opinion provided in Appendix A. 

1.2 Scope of Work 
The purpose of this report is to describe the investigation completed, the ground conditions encountered 
and to provide an assessment of the suitability of the land for development. 

2 SITE DESCRIPTION 

2.1 Site Location 
The site is located at the Te Rapa Racecourse on Ken Browne Drive, Te Rapa, Hamilton, as shown in Figure 
1 below.  

 
Figure 1: Site Location Plan (OpenStreetMap) 

2.2 Landform 
The site is relatively flat (RL 32.5m to RL 35m). A horse racing track is located along the western half of the 
site and to the east of the track is a grandstand and the Te Rapa Waikato Racing Club offices and events 

SITE LOCATION 
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centre along with paved car parking. On the eastern portion of the site there are currently three horse stable 
buildings and large grassed paddocks used for horse grazing.  

A soil stockpile, up to approximately 2m, high is located in the northern corner of the site and a bund of 
stockpiled soil is located adjacent to the racing track in the south-western corner of the site.  

The Waikato River is the nearest large watercourse and is located approximately 1.2km to the east of the 
proposed development area. The site is accessed via Ken Browne Drive and Sir Tristram Ave. 

3 PROPOSED DEVELOPMENT 
The Chow Hill concept plan (Appendix B) provided by Bloxam Burnett and Olliver Ltd (BBO), shows the 
proposed residential development to be located to the east of the current racetrack and existing stables. We 
understand that a mix of housing types is being considered, including detached dwellings, two and three 
storey duplexes, terraced housing, and three storey apartment blocks. The plan also shows associated 
roads, laneways, and footpaths. 

Based on the relatively level gradients across the site and adjacent land areas being of a similar elevation, 
it is envisaged that only minor cuts and fills will be carried out as part of the development. 

Stormwater disposal is proposed via ground soakage plus a stormwater treatment/attenuation pond just to 
the east of the development area, in the location of the existing stables.  

4 INVESTIGATION SCOPE 

4.1 Field Investigation 
Geotechnical field investigations were carried out from 23 May to 30 May 2017 under the direction of CMW. 
The scope of fieldwork completed was as follows:  

¶ A walkover survey of the site by a CMW Engineering Geologist to assess the general landform and site 
conditions.  

¶ Eight (8) hand auger boreholes, denoted HA01 to HA08, were drilled using 50mm diameter augers to 
depths of up to 2.2 metres below existing ground level (mbgl) to allow observation and sampling of the 
shallow soil profile. In-situ shear vane strength (VSS) measurements were recorded using a hand-held 
shear vane during the advancement of the hand auger boreholes. Additionally, dynamic cone (Scala) 
penetrometer (DCP) tests were carried out where coarse-grained soils were present. 

¶ Two (2) falling head permeability tests at hand auger locations HA03 and HA05, were carried out to 
provide an indication of soil permeability for stormwater retention/drainage. Two additional falling head 
permeability tests were intended at hand auger locations HA07 and HA08, however due to the high 
groundwater table these were not able to be undertaken.  

¶ Four (4) Cone Penetrometer Tests (CPT), denoted CPT01 to CPT04, were advanced to depths of up 
to 20 metres to provide an understanding of the deeper ground profile and for static settlement and 
liquefaction assessment purposes.   
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5 GROUND MODEL 

5.1 Geological Setting  
The geological map1 of the area indicates that the site is underlain by fluvially reworked soil deposits of the 
Hinuera Formation. The Hinuera Formation (late Pleistocene age) infills the majority of the Waikato Basin 
and deposits generally comprise interbedded sands, silts and clays with interspersed peats.   

The relict Te Rapa Channel2 extends through the eastern part of the site which is a paleo river channel 
when the Waikato River was a braided system.  

5.2 Soil Stratigraphy 
A ground model was developed for the site based on the published geology and the results of hand augers 
and CPT results. Generally, the hand augers and CPTs indicate geological conditions consistent with the 
published geology described above.  

In summary, the Hinuera Formation materials at the site consist of the following: 

¶ The upper 0.8m consists of firm to very stiff silt and sandy silt with peak vane shear strengths of 
between 56kPa to 152kPa. 

¶ Underlying the surface silt, primarily medium dense to dense sand/silty sand with interbeds of stiff to 
very stiff silt/sandy silt to depths of around 7.0 to 13.0mbgl were encountered at all hand auger and 
CPT locations. DCP results in the sand layers typically ranged from 2 to >10 blows/ per 100mm 
penetration. CPT qc values typically ranged from 4MPa to 10MPa in the sand layers and 0.5MPa to 
1MPa in the silt lenses. 

¶ Firm to very stiff clay and silty clay deposits were inferred from the CPT traces from depths of 16 to 
20mbgl. 

Weak organic material was encountered within the upper 1.0m to 1.5m of CPT02 and CPT04, which may 
be attributed to the backfilling of the potential Te Rapa Channel running through the site.  

The approximate extent of the fill stockpiles described in Section 2 are inferred from surface contours only, 
is shown in Figure 1 of the attached drawings. In HA05 silty sand fill and buried topsoil was encountered 
down to 1m depth adjacent to the northern stockpile. Geological cross-sections are provided in Figure 2 of 
the attached drawings. 

5.3 Groundwater 
During the investigation, which was completed in late autumn conditions May 2017, groundwater was 
encountered at the test locations at depths of 1.5m to 2.8m below the current ground level (RL 32m to 
33.2m). In the weeks and months prior to the site investigation there were several significant rainfall events 
which are likely to have contributed to an elevated groundwater table. It is expected that there would be 
groundwater level variations between seasons and relatively high levels following significant rainfall events.  

5.4 Permeability Testing  
Two falling head percolation tests were undertaken to assess the permeability of the near surface soils 
underlying the eastern part of site. Testing was undertaken within 100mm diameter hand auger boreholes, 
drilled to depths of between 1.5m to 2.2m and pre-soaked (filled with water) and allowed to drain over 

 
1 Edbrooke, S.W. (compiler) 2001: Geology of the Auckland area. Institute of Geological & Nuclear Sciences 1:250000 geological map 
3. I sheet + 74 p. Lower Hutt. New Zealand. Institute of Geological & Nuclear Sciences Limited 
 
2 McCraw, J. 2011: The Wandering River, Landforms and geological history of the Hamilton Basin. Geoscience Society of New 
Zealand. 
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approximately 2.5 hours prior to testing. Permeability was calculated based on guidelines presented in 
CIRIA 113. Reported results are presented in Appendix D.  

Based on the falling head test results, seepage rates of between 1 x 10-5 m/sec to 5 x 10-6 m/sec were 
observed within the Hinuera sands and silty sands. Lower permeability values have been attributed to silt 
migration from the upper portion of the boreholes causing ñcakingò of the sides and base during testing. 
Seepage rates could be found to be an order of magnitude higher if more targeted testing is undertaken. 

The falling head tests that were proposed to be undertaken within the centre of the racing track were 
abandoned due to the high groundwater level. 

6 GEOHAZARDS ASSESSMENT 

6.1 Seismicity 
A seismic assessment has been carried out in general accordance with NZGS guidance3 to calculate the 
peak horizontal ground acceleration or PGA (amax) as follows:  

ὥ  ὅȟ
Ὑ
ρȢσ
ὼ Ὢ ὼ Ὣ 

Where: C0,1000 = unweighted PGA coefficient (refer Section 7.1 for subsoil class) 
 R = return period factor given in NZS1170.5, Table 3.5 (refer Section 6.1 for importance level) 
 f = site response factor subject to subsoil class (refer Section 7.1 for subsoil class) 
 g = acceleration due to gravity 

The ULS PGA was calculated based on a 50-year design life in accordance with the New Zealand Building 
Code4 and importance level (IL) 2 structures. The PGA for the serviceability limit state (SLS) and ultimate 
limit state (ULS) earthquake scenarios is as follows: 

Table 1: Design Peak Ground Acceleration (PGA) for Various Limit States 

Limit State AEP R PGA(g) Magnitudeeff 

SLS 1/25 0.25 0.06 5.9 

ULS 1/500 1.0 0.26 5.9 

Note: SLS = serviceability limit state; ULS = ultimate limit state 

6.2 Liquefaction 

6.2.1 Assessment Methodology 

Liquefaction occurs in loose saturated cohesionless soils that are subject to cyclic shear loading during an 
earthquake.  This process leads to pore pressure build-up, soil grains moving into suspension and temporary 
loss of strength causing vertical and lateral ground deformation. 

In accordance with MBIE/NZGS guidance5 the liquefaction susceptibility of the soils at this site was 
assessed with respect to geological age and compositional (soil fabric and density) criteria, based on the 
following assumptions: 

 
3 NZ Geotechnical Society publication ñEarthquake geotechnical engineering practice, Module 1: Overview of the 
standardsò, (March 2021) 
4 Ministry of Business, Innovation and Employment (1992) NZ Building Code Handbook, Third Edition, Amendment 13 
(effective from 14 February 2014) 
5 Earthquake Geotechnical Engineering Practice, Module 3: Identification, assessment and mitigation of liquefaction hazardsò, 
(November 2021) 
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¶ Only saturated soils below an assessed seasonal average groundwater level of (1.5m to 2.8m depth) 
were modelled as being susceptible to liquefaction. 

¶ In accordance with MBIE/NZGS guidance1 and in the absence of site-specific shear wave velocity 
measurements, no aging / strength gain factor has been applied to the Pleistocene aged sands.  

¶ Soils are also classified with respect to their grain size and plasticity to assess liquefaction 
susceptibility. For this project, a cut-off threshold soil behaviour type index value (lc) of 2.6 was used 
to distinguish between liquefiable (Ic>2.6) and non-liquefiable (Ic<2.6) soils. 

¶ Specific liquefaction analyses were undertaken for an IL2 structure, using the software package CLiq 
and the Boulanger and Idriss (2014) method. The cyclic stress ratio (CSR), being a function of the 
earthquake magnitude for the design return period event, was compared to the cyclic resistance ratio 
(CRR), being a function of the CPT cone resistance (qc) and friction ratio (Fr).  

¶ Free-field liquefaction induced settlements were determined in accordance with Zhang et al. (2002). 
With respect to liquefaction response, consideration was given to a 10m cut-off depth to estimate index 
settlements as per MBIE6 guidance (foundation technical categories). These were compared to 
liquefaction settlement estimates over the full depth range of the CPTôs with a depth weighting factor 
(ev) applied ranging from 1 at the ground surface to 0 at 20m depth. 

6.2.2 Results 

Results are presented in Appendix E and can be summarised as in Table 2: 

Table 2: Liquefaction Analyses Results 

CPT No. SLS Settlement 
(mm) 

Total ULS 
Settlement (mm) 

Index ULS 
Settlement (mm) 

Depth to Liquefied 
Layer (m) 

CPT01 nil 50 55 3 

CPT02 nil 85 105 3 

CPT03 nil 50 65 2.5 

CPT04 nil 70 70 4 

Note: All settlements and depths based on existing ground profile. 
Index settlements are for assessment of the site against the MBIE site Technical Category guidelines and are not 
comparable to the total ULS settlements.  

Recommendations to mitigate effects of liquefaction settlements on the proposed development are provided 
below in Section 7.2. 

6.3 Slope Stability 
The proposed development is located on flat to gently sloping (<5Á) topography and therefore on this basis 
the site was assessed qualitatively to have an overall low risk of slope instability for the proposed 
development. No quantitative stability analysis was completed for the site. Depending on the final design 
for the development this may need to be undertaken at building consent stage for any localised cut or fill 
batters.  

 
6 Repairing and Rebuilding House affected by the Canterbury Easrthquakesò, (December 2012) 
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6.4 Load Induced Settlement 

6.4.1 General 

Future building loads will induce settlements within the underlying subsoils. 

Soil modulus parameters for load induced settlement analyses were derived from the CPT data. 

The magnitude of the settlement will depend on: 

¶ The stiffness of the soils within the zone of influence of the building foundations. 

¶ The net additional loading applied to the ground taking account of the weight of soil that has been 
removed due to previous earthworks for the development, and for the proposed development. 

¶ The type of soils (cohesive or granular). The local soils are predominantly sandy. Static settlements 
are therefore expected to be predominantly elastic (immediate) and are expected to be largely built out 
during construction with negligible long-term creep settlements predicted. 

6.4.2 Settlement Predictions 

Primary and secondary (creep) settlements were estimated based on the CPT data using the methodology 
outlined below. Calculations were undertaken using the commercially available software CPet-IT. 

Primary Settlement 

Ὓ  
Ў„
ὓ

Ўᾀ 

Where ɲ v̀ = change in total vertical stress, ɲz = layer thickness, MCPT = constrained modulus estimated 
from the CPT data as follows: 

ὓ ‌ ή  „  

Where: ah = factor, derived according to Robertson (2009)7; qt = cone resistance; v̀o = total vertical stress 

Secondary Creep Settlement 

Ὓ ὅȢῳᾀȢÌÏÇ 
ὸ
ὸ
 

Where: Cʰ = coefficient of secondary consolidation Ғ 0.1 (ồv/M), ɲz = sublayer thickness, tp = duration of 
primary consolidation, t = time over which creep settlement is calculated. 

Estimated static settlements, based on an assumed 10m x 20m raft foundation, founded at 0.5m below 
ground level, for selected bearing pressures and either a flexible or rigid raft, are presented in Table 3. 

Table 3: Estimated Static Settlements Beneath Centre of Raft Foundation 

Footing 
Width (m) 

Footing 
Length (m) 

Footing 
Depth (m) 

Net Applied Working 
Pressure (kPa) 

Raft Settlement (mm) 

Flexible Rigid 

10 20 0.5 10 <5 ï 10 <5 - 10 

10 20 0.5 20 10 ï 15 5 ï 15 

10 20 0.5 30 10 ï 25 10 ï 20 

Note: Settlements assume any soft soils in the top 1.5m are undercut and backfilled with engineered fill. 

 
7 Robertson, P.K., 2009a. Interpretation of cone penetration tests ï a unified approach. Canadian Geotechnical Journal, 
46:1337-1355. 
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New Zealand Building Code, Clause B.1.0.2 of B1/VM4 provides the following differential settlement criteria 
for design of shallow foundations:  

óFoundation design should limit the probable maximum differential settlement over a horizontal distance 
of 6m to no more than 25mm under serviceability limit state load combinations of AS/NZS 1170 Part 0, 
unless the structure is specifically designed to prevent damage under a greater settlement.ô 

For the foundation size and working pressure combinations considered in Table: 

¶ Settlement across the site is expected to be relatively uniform and differential settlement is expected 
to be below the limit set by the New Zealand building code. 

¶ Total settlement should be within acceptable limits for the foundation cases presented in Table, 
providing any soft soils, such as those encountered in the top 1.0m to 1.5m of CPT02 and CPT04, are 
undercut and replaced with engineered fill. 

6.5 Expansive soils 
Seasonal shrinking and swelling results in vertical surface ground movement, which can cause significant 
cracking of floor slabs and walls. There have been instances of concrete floors and/ or foundations that 
have been poured on dry, desiccated subgrades in summer months on expansive soils and have undergone 
heaving and cracking requiring extensive repairs or re-building once the soil moisture contents have 
returned to higher levels. This hazard is addressed by a combination of careful foundation design and site 
preparation. 

NZS 3604:20118 excludes from the definition of ógood groundô, soils with a liquid limit of more than 50% and 
a linear shrinkage of more than 15% due to their potential to shrink and swell as a result of seasonal 
fluctuations in water content. For soils exceeding these limits, NZS 3604 has historically referenced AS 
28709 for foundation design advice. However, the November 2019 update of Acceptable Solution B1/AS110 
provides amendments to NZS 3604 that define a method for testing and classifying the soils and provides 
foundation designs for specific, simple house configurations across the range of expansive soil conditions.  

Nevertheless, there is evidence11 indicating that the use of the B1/AS1 method of assessment of 
expansiveness may be inaccurate. Accordingly, our assessments herein have been made in line with our 
experience, BRANZ Report SR120A12 and AS2870. 

Given the implications of the information presented above, the assessed soil classification for the site with 
respect to AS2870 has been categorised as óAô (non-expansive), for which no mitigating geotechnical 
actions are required.  

6.6 Sensitive soils 
Soils of Hinuera Formation are expected be encountered at design subgrade level across the site. Cohesive 
Hinuera soils (silts and clays) are known to be susceptible to strength loss when remoulded, and particularly 
when they are allowed to get wet. This can make them particularly challenging to earthwork and requires 
specific consideration to plant, vehicle movements, and surface protection where exposed. Further 
recommendations are provided in Section 8 below. 

 
8 Standards New Zealand (2011) Timber-framed buildings, NZS 3604:2011, NZ Standard 
9 Standards Australia Limited (2011) Residential slabs and footings, AS 2870-2011, Australian Standard, NSW 
10 Ministry of Business, Innovation and Employment (2019) Acceptable Solutions and Verification Methods for NZ 
Building Code Clause B1 Structure, B1/AS1, Amendment 19 
11 Rogers, N., McDougall, N., Twose, G., Teal, J. & Smith, T. (2020) The Shrink Swell Test: A Critical Analysis, NZ 
Geomechanics News, Issue 99, pages 66-80. 
12 Fraser Thomas Limited (2008) - Addendum Study Report (BRANZ SR120A), Soil Expansivity in the Auckland Region 
ï Final Report 
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7 GEOTECHNICAL RECOMMENDATIONS 

7.1 Seismic Site Subsoil Category 
Based on the geological units encountered beneath the site, the seismic site subsoil category is assessed 
as being Class D (deep soil site) in accordance with NZS1170.5.  

7.2 Liquefaction Mitigation 
To mitigate liquefaction induced settlement TC2 type raft foundations will be required across most of the 
site based on three of four CPT tests.  

At the location of (CPT02), approximately halfway along the southeast boundary, TC2/TC3 hybrid 
foundations comprising a TC2 raft plus an underlying geogrid reinforced gravel raft will be required. The 
extent of this zone will require further CPT investigation to be carried out as part of the projects detailed 
design. 

It is also recommended that that a number of seismic CPTôs be carried out as part of the detailed design 
process to evaluate if any soil ageing factors can be applied, which may eliminate the requirement for any 
TC2 / TC3 hybrid foundations. 

7.3 Earthworks  
Based on the relatively gentle relief across the site it is expected that minor bulk cut and fill depths up to 
nominally 1m will be required during site development. It is anticipated that there will be cuts from the 
elevated areas and filling of the low-lying areas.  

All earthworks should be carried out in accordance with the requirements of NZS4404:2010 (Land 
Development and Subdivision Infrastructure) and NZS4431:1989 (Code of Practice for Earth Fill for 
Residential Development), Hamilton City Council Development Manual and under the guidance of a 
Chartered Professional Geotechnical Engineer.  

From initial investigation results the near surface materials likely to be earthworked consist of loose to 
medium dense sand, silty sand and firm to very stiff sandy silt. These materials may be used for cut to fill 
earthworks across the site with appropriate moisture conditioning.  

In HA05 silty sand fill and buried topsoil was encountered to 1m depth. It is not recommended to use the 
material around this area for fill due to the organics located within the topsoil. This test was undertaken next 
to the soil stockpile in the north of the site. Further investigation on the suitability of the stockpiled material 
located at the north and south of the site will need to be undertaken however it may be used as landscape 
fill in reserve areas or removed from site. Other areas of non-engineered fill due to the sites previous history 
may be present on site and were not identified during this investigation.  

7.4 Stormwater Disposal 
Stormwater from the proposed development is shown to discharge into a stormwater attenuation and 
treatment pond in on the just to the east of the development area in the location of the existing stables (refer 
to concept plan in Appendix B).  

Conventional soakage trenches or soakholes are considered a practical solution for the disposal of 
stormwater, where located within the proposed building development areas due to the sands encountered. 
Groundwater was encountered between 1.5m to 2.8m below the current ground level throughout the building 
development area. A coefficient of permeability (k) of 1 x 10-5 m/sec to 5 x10-6m/sec should be used for 
modelling unless further site-specific testing is undertaken. 

Detailed assessment of stormwater design volumes, stormwater pond design, soakage trench locations and 
specific design will be required at the engineering plan approval stage and prior to any building development. 
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7.5 Foundation Bearing Capacity 
Liquefaction and static load induced settlement analyses results suggest that raft foundations should be 
appropriate to support the proposed 1-storey to 3-storey high buildings.  

The subgrade at design foundation level is expected to predominantly comprise Hinuera formation silts, silty 
sands, and sands. Weak silty / organic soils were encountered in the upper 1.0m to 1.5m of CPT02 and 
CPT04.  These soils should be undercut and replaced with engineered fill to provide adequate bearing 
capacity avoid excessive load induced settlements. The undercut material should be removed from site or 
used as landscape fill onsite. The extent of the soft soils should be confirmed by further investigation. 

Subject to the silt material being managed appropriately during construction, as discussed in Section 7.3, a 
geotechnical ultimate bearing capacity of 300kPa may be assumed for the raft foundation beams, provided 
perimeter and internal beams do not exceed 500mm in the short axis. 

Liquefaction settlements of 55mm to 105mm could be expected under the ULS seismic event for the site. 
Differential settlements should be taken across the width of the relevant structure. Limited surface 
expression is anticipated due to a non-liquefied crust thickness of at least 2.5m. 

With respect to the Ministry of Business, Innovation and Employment (MBIE) guidance, raft foundations 
should be designed based on a TC2 solution adopting the total and differential settlements stated above, 
as defined in Figure 3 below. For areas of the site where liquefaction induced settlement is predicted to be 
greater than 100mm, TC2/TC3 hybrid foundations will be required, as discussed in Section 7.2. 

The results of our investigation suggest there is the potential for isolated pockets of weak soil to exist that 
will require local over-excavation and compaction to densify the in-situ materials. This should be verified 
during routine foundation observations. 

 
         Figure 3: Canterbury Rebuild Guidance Part A, Table 5.1: Summary of proposed foundation solutions 

for rebuilt foundations or new foundations on the flat  
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7.6 Strength Reduction Factors 
As required by section B1/VM413 of the New Zealand Building Code Handbook, the following strength 
reduction factors must be applied to all recommended geotechnical ultimate soil capacities in conjunction 
with their use in factored design load cases: 

¶ 0.8 for load combinations involving earthquake overstrength. 

¶ 0.5 for all other load combinations. 

8 SAFETY IN DESIGN 
The design landform has not been finalised but is expected to require site excavations that may include 
geotechnical works such as undercuts, temporary excavations, subsoil drains. Exposure to these works 
forms a significant safety risk for contractors and inspectors/ testers.  

In conducting our scope of work, we have considered and addressed Safety in Design (SiD) aspects relevant 
to our understanding of the proposed design and construction work. SiD must consider the construction, 
operation, maintenance, and ultimate demolition phases of the relevant works. 

It is noted that CMW are focussed on design aspects, and whilst we have attempted to be comprehensive 
in our assessment, it is the Contractors responsibility to cover construction related risks in a more 
comprehensive manner (being the competent party in that respect). The CMW designs/ specifications for 
undercuts and drainage elements have been made so that no personnel are ever expected to enter 
unbattered or unprotected excavations to complete the construction. If at any stage a contractor does not 
consider that a design for excavations can be safely constructed, then CMW must be contacted immediately 
to discuss alternative design and/ or methods and avoid risk to personnel.  

Our SiD risk assessment is presented in Appendix F. This risk assessment must be communicated with all 
affected parties involved with the project and dealt with through specific on-site risk assessment plans. 

9 FURTHER WORK 
As design proposals are still at concept design stage, we should be given the opportunity to undertake 
further site investigation prior to earthworks and engineering plan approval stages. Only a preliminary 
geotechnical site investigation and assessment has been undertaken to support the land use plan change. 

Further work will be required at the Resource Consent / Engineering Plan approval stage and during 
Detailed design, this includes and is not limited to the following:  

¶ Additional hand auger boreholes or test pits, to assess the extent of non-engineered fill and 
weak/organic soils and allow installation of standpipe piezometers to measure groundwater level 
variability over the summer and winter season. 

¶ At detailed design stage additional CPTs should be undertaken to assist in defining the extent where 
hybrid TC2/3 foundations are required based on predicted liquefaction induced settlement. 

¶ Further liquefaction assessment based on seismic CPTs to evaluate potential for beneficial ageing 
effects to be included in the analyses. 

¶ Further investigation and nested piezometer installation within proposed stormwater pond footprint to 
evaluate perched groundwater table and effect on pond design. 

¶ Review detailed design proposals and if necessary, update settlement and bearing capacity 
assessments.  

¶ Update to geotechnical recommendations for the development based on findings of the above. 

 
13 Ministry of Business, Innovation and Employment (2019) Acceptable Solutions and Verification Methods for NZ 
Building Code Clause B1 Structure, B1/VM4, Amendment 19 
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{¢!¢9a9b¢ hC twhC9{{Lhb![ htLbLhb !{ ¢h ¢I9 D9h¢9/IbL/![ {¦L¢!.L[L¢¸ hC [!b5 Chw 
59±9[hta9b¢ 

L{{¦95 .¸Υ      /a² DŜƻǎŎƛŜƴŎŜǎ όb½ύ [ƛƳƛǘŜŘ 
     ό/ƻƴǎǘǊǳŎǘƛƻƴ wŜǾƛŜǿ CƛǊƳύ 

¢hΥ                 ²ŀƛƪŀǘƻ wŀŎƛƴƎ /ƭǳō 
          όhǿƴŜǊ κ 5ŜǾŜƭƻǇŜǊύ 

¢h .9 {¦tt[L95 ¢hΥ                 IŀƳƛƭǘƻƴ /ƛǘȅ /ƻǳƴŎƛƭ 
             ό[ƻŎŀƭ !ǳǘƘƻǊƛǘȅύ 

Lb w9{t9/¢ hCΥ          tǊƻǇƻǎŜŘ ¢Ŝ wŀǇŀ wŀŎŜŎƻǳǊǎŜ wŜŘŜǾŜƭƻǇƳŜƴǘ 
            ό5ŜǎŎǊƛǇǘƛƻƴ ƻŦ wŜƭŜǾŀƴǘ 5ŜǾŜƭƻǇƳŜƴǘύ 

!¢Υ                          ¢Ŝ wŀǇŀ wŀŎŜŎƻǳǊǎŜΣ IŀƳƛƭǘƻƴ 
                  ό[ƻŎŀǘƛƻƴύ 

/h¦b/L[ CL[9 b¦a.9w ./κw/ bƻΥ ¢ƻ .Ŝ /ƻƴŦƛǊƳŜŘ 

L 5ŀǾŜ aƻǊǘƻƴΣ tǊƛƴŎƛǇŀƭ DŜƻǘŜŎƘƴƛŎŀƭ 
9ƴƎƛƴŜŜǊ ό/a9ƴƎb½Σ /t9ƴƎύ 

ƻŦ /a² DŜƻǎŎƛŜƴŎŜǎ όb½ύ [ƛƳƛǘŜŘΣ ммс 
/ŀƳŜǊƻƴ wƻŀŘΣ ¢ŀǳǊŀƴƎŀ оммл 

όCǳƭƭ bŀƳŜύ όvǳŀƭƛŦƛŎŀǘƛƻƴǎύ  όbŀƳŜ ϧ !ŘŘǊŜǎǎ ƻŦ CƛǊƳύ 
    

IŜǊŜōȅ ŎƻƴŦƛǊƳ ǘƘŀǘΤ 

мΦ L ŀƳ ŀ ǇǊƻŦŜǎǎƛƻƴŀƭ ǇŜǊǎƻƴ ŀǇǇǊƻǇǊƛŀǘŜƭȅ ǉǳŀƭƛŦƛŜŘ ƛƴ ƎŜƻƳŜŎƘŀƴƛŎǎ ǘƻ ŀǎŎŜǊǘŀƛƴ ǘƘŜ ǎǳƛǘŀōƛƭƛǘȅ ƻŦ 
ǘƘŜ ƭŀƴŘ ŦƻǊ ōǳƛƭŘƛƴƎ ŘŜǾŜƭƻǇƳŜƴǘ ŀƴŘ ǿŀǎ ǊŜǘŀƛƴŜŘ ŀǎ ǘƘŜ ƎŜƻǘŜŎƘƴƛŎŀƭ Ŏƻƴǎǳƭǘŀƴǘ ŦƻǊ ǘƘŜ ŀōƻǾŜ 
ŘŜǾŜƭƻǇƳŜƴǘΦ 

нΦ !ƴ ŀǇǇǊƻǇǊƛŀǘŜ ƭŜǾŜƭ ƻŦ ǎƛǘŜ ƛƴǾŜǎǘƛƎŀǘƛƻƴ Ƙŀǎ ōŜŜƴ ŎŀǊǊƛŜŘ ƻǳǘ ǳƴŘŜǊ Ƴȅ ŘƛǊŜŎǘƛƻƴ ϧ ƛǎ ŘŜǎŎǊƛōŜŘ ƛƴ 
ǘƘŜ ǊŜǇƻǊǘ ǘƛǘƭŜŘΣ άDŜƻǘŜŎƘƴƛŎŀƭ LƴǾŜǎǘƛƎŀǘƛƻƴ wŜǇƻǊǘ ς ¢Ŝ wŀǇŀ wŀŎŜŎƻǳǊǎŜ wŜŘŜǾŜƭƻǇƳŜƴǘΣ YŜƴ 
.ǊƻǿƴŜ 5ǊƛǾŜΣ ¢Ŝ wŀǇŀΣ ǊŜŦŜǊŜƴŎŜ I!aнлннπллол!. wŜǾΦмΣ ŘŀǘŜŘ нл Wǳƭȅ нлннέΦ 

оΦ L ŀƳ ŀǿŀǊŜ ƻŦ ǘƘŜ ŘŜǘŀƛƭǎ ƻŦ ǘƘŜ ǇǊƻǇƻǎŜŘ Ǉƭŀƴ ƻŦ ŘŜǾŜƭƻǇƳŜƴǘ ϧ ƻŦ ǘƘŜ ƎŜƴŜǊŀƭ ƴŀǘǳǊŜ ƻŦ ǘƘŜ 
ǇǊƻǇƻǎŜŘ ŜƴƎƛƴŜŜǊƛƴƎ ǿƻǊƪǎ ŀǎ ǎƘƻǿƴ ƻƴ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ŘǊŀǿƛƴƎǎΥ 

¶ CƛƎǳǊŜ лмΣ {ƛǘŜ LƴǾŜǎǘƛƎŀǘƛƻƴ tƭŀƴΣ I!aнлмсπлмлфΣ ŘŀǘŜŘ мпκлсκнлмтΤ 
¶ /ƘƻǿIƛƭƭ /ƻƴŎŜǇǘ 5ŜǎƛƎƴΣ ǊŜŦΥмстлпΣ ǎƘŜŜǘ [улΦлфΣ wŜǾΦнΣ ŘŀǘŜŘ муκлтκнлннΦ 
 

пΦ Lƴ Ƴȅ ǇǊƻŦŜǎǎƛƻƴŀƭ ƻǇƛƴƛƻƴΣ ƴƻǘ ǘƻ ōŜ ŎƻƴǎǘǊǳŜŘ ŀǎ ŀ ƎǳŀǊŀƴǘŜŜΣ L ŎƻƴǎƛŘŜǊ ǘƘŀǘ ǘƘŜ ǇǊƻǇƻǎŜŘ ǿƻǊƪǎ 
ƎƛǾŜ ŘǳŜ ǊŜƎŀǊŘ ǘƻ ƭŀƴŘ ǎƭƻǇŜ ϧ ŦƻǳƴŘŀǘƛƻƴ ǎǘŀōƛƭƛǘȅ ŎƻƴǎƛŘŜǊŀǘƛƻƴǎ ϧ ǘƘŀǘ ǘƘŜ ƭŀƴŘ ƛǎ ǎǳƛǘŀōƭŜ ŦƻǊ ǘƘŜ 
ǇǊƻǇƻǎŜŘ ŘŜǾŜƭƻǇƳŜƴǘ ǇǊƻǾƛŘƛƴƎ ǘƘŀǘΤ 

ŀύ ǘƘŜ ǊŜŎƻƳƳŜƴŘŀǘƛƻƴǎ ƻŦ ǘƘŜ ŀōƻǾŜ ǊŜŦŜǊŜƴŎŜŘ ǊŜǇƻǊǘ ŀǊŜ ŀŘƘŜǊŜŘ ǘƻΦ 

рΦ ¢Ƙƛǎ ǇǊƻŦŜǎǎƛƻƴŀƭ ƻǇƛƴƛƻƴ ƛǎ ŦǳǊƴƛǎƘŜŘ ǘƻ ǘƘŜ /ƻǳƴŎƛƭ ϧ ǘƘŜ ƻǿƴŜǊ ŦƻǊ ǘƘŜƛǊ ǇǳǊǇƻǎŜ ŀƭƻƴŜ ƻƴ ǘƘŜ 
ŜȄǇǊŜǎǎ ŎƻƴŘƛǘƛƻƴ ǘƘŀǘ ƛǘ ǿƛƭƭ ƴƻǘ ōŜ ǊŜƭƛŜŘ ǳǇƻƴ ōȅ ŀƴȅ ƻǘƘŜǊ ǇŜǊǎƻƴΦ 

{ƛƎƴŜŘ         
          5ŀǘŜΥ нл Wǳƭȅ нлнн 

CƻǊ ŀƴŘ ƻƴ ōŜƘŀƭŦ ƻŦ /a² DŜƻǎŎƛŜƴŎŜǎ όb½ύ [ǘŘ 
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CMW Geosciences - SOIL (Field Logging Guide) 
SEQUENCE OF TERMS 

Fine: Soil type - Colour - Structure - Strength - Moisture - Bedding - Plasticity - Sensitivity - Origin/Geological Unit - Comments 
Coarse: Soil Type - Colour - Structure - Grading - Strength/Relative Density - Moisture - Origin/Geological Unit - Comments 
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PLASTICITY (CLAYS & SILTS)

Term Description

High plasticity
Can be mouled or deformed over a wide range of moisture contents without 
cracking or showing any tendancy to volume change

Low plasticity
When moulded can be crumbled in the fingers; may show quick or dilatant 
behaviour

Condition Look and Feel Granular Soils Cohesive Soils Abbreviation

Dry Looks and feels dry Run freely through hands Hard, powdery or friable D

Moist Weakened by moisture, but no free water on hands when remoulding M

Wet Weakened by moisture, free water forms on hands when handling W

Saturated S

Tend to cohere
Feels cool, darkened in 
colour

Feels cool, darkened in colour and free water is present on the sample

Moisture Condition

Term

Well Graded

Uniformly graded Most particles about the same size

Gap graded Absence of one or more intermediate sizes

GRADING ( GRAVELS & SANDS)

Description

Good representation of all particle size ranges from largest to smallest

Limited representation of grain sizes - further divided into:

Poorly 
Graded

VISUAL PROPORTION PERCENTAGE
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Dynamic pore pressure (u2) in MPa
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Corrected cone resistance (qt) in MPa
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Excess pore pressure (du) in MPa Dynamic pore pressure ratio (u/qc) in MPa
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Net cone resistance (qn) in MPa Pore pressure ratio (Bq)
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 Undrained shear strength (Su) in kPa
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CLIENT: Te Rapa Waikato Racing Club
PROJECT: Te Rapa Racecourse Redevelopment
LOCATION: Ken Browne Drive, Hamilton
JOB NUMBER:    HAM2016_0109

TEST DATE:    30/05/2017

Reference:  Appendix 4, Control of Groundwater for Temporary Works (CIRIA Report No. 113) Borehole diameter  = 100 mm

Elapsed Time t2 - t1 Piezometric Head l log (h1/h2)

Hydraulic conductivity (s) (secs) h (m) (m) k (m/sec) k (m/day)

0 0 2

0.5 30 30 1.8 1.90 0.05 7.44E-05 6

where l   = average piezometric head over chosen time interval 1 60 30 1.68 1.74 0.03 4.86E-05 4

1.5 90 30 1.57 1.63 0.03 4.76E-05 4

2 120 30 1.5 1.54 0.02 3.20E-05 3

2.5 150 30 1.41 1.46 0.03 4.33E-05 4
h1 = piezometric head at start of chosen interval (m) 3 180 30 1.35 1.38 0.02 3.04E-05 3

h2 = piezometric head at end of chosen interval (m) 3.5 210 30 1.29 1.32 0.02 3.17E-05 3

t2 - t1 = chosen time interval (seconds) 4 240 30 1.23 1.26 0.02 3.32E-05 3

4.5 270 30 1.17 1.20 0.02 3.48E-05 3

= 20.0 5 300 30 1.12 1.15 0.02 3.03E-05 3

5.5 330 30 1.08 1.10 0.02 2.52E-05 2

6 360 30 1.04 1.06 0.02 2.61E-05 2

7.5 450 90 0.92 0.98 0.05 2.82E-05 2

8 480 30 0.87 0.90 0.02 3.83E-05 3

9 540 60 0.8 0.84 0.04 2.87E-05 2

10 600 60 0.75 0.78 0.03 2.20E-05 2

11 660 60 0.7 0.73 0.03 2.34E-05 2

12 720 60 0.65 0.68 0.03 2.50E-05 2

14 840 120 0.57 0.61 0.06 2.20E-05 2

16 960 120 0.5 0.54 0.06 2.17E-05 2

20 1200 240 0.44 0.47 0.06 1.05E-05 1

25 1500 300 0.39 0.42 0.05 7.81E-06 1

30 1800 300 0.35 0.37 0.05 6.91E-06 1

35 2100 300 0.31 0.33 0.05 7.64E-06 1

40 2400 300 0.29 0.30 0.03 4.14E-06 0
137 8220 5820 0.13 0.21 0.35 2.61E-06 0

Test ID: HA03

Refer to HA03 Engineering Log for soil description. 
Following presoaking of hole, groundwater was measured at 
2.78m below ground level.
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CLIENT: Te Rapa Waikato Racing Club
PROJECT: Te Rapa Racecourse Redevelopment
LOCATION: Ken Browne Drive, Hamilton
JOB NUMBER:   HAM2016_0109

TEST DATE:    30/05/2017

Reference:  Appendix 4, Control of Groundwater for Temporary Works (CIRIA Report No. 113) Borehole diameter  = 100 mm

Elapsed Time t2 - t1 Piezometric Head l log (h1/h2)
Hydraulic conductivity (s) (secs) h (m) (m) k (m/sec) k (m/day)

0 0 1.37
0.5 30 30 1.34 1.36 0.01 1.55E-05 1

where l   = average piezometric head over chosen time interval 1 60 30 1.3 1.32 0.01 2.11E-05 2
1.5 90 30 1.27 1.29 0.01 1.63E-05 1

2 120 30 1.24 1.26 0.01 1.66E-05 1
2.5 150 30 1.22 1.23 0.01 1.13E-05 1

h1 = piezometric head at start of chosen interval (m) 3 180 30 1.19 1.21 0.01 1.73E-05 1

h2 = piezometric head at end of chosen interval (m) 3.5 210 30 1.17 1.18 0.01 1.18E-05 1

t2 - t1 = chosen time interval (seconds) 4 240 30 1.15 1.16 0.01 1.20E-05 1

4.5 270 30 1.13 1.14 0.01 1.22E-05 1
= 20.0 5 300 30 1.11 1.12 0.01 1.24E-05 1

6 360 60 1.08 1.10 0.01 9.48E-06 1
7 420 60 1.03 1.06 0.02 1.64E-05 1
8 480 60 1 1.02 0.01 1.02E-05 1
9 540 60 0.97 0.99 0.01 1.05E-05 1

10 600 60 0.96 0.97 0.00 3.57E-06 0
12 720 120 0.9 0.93 0.03 1.11E-05 1
14 840 120 0.86 0.88 0.02 7.79E-06 1
16 960 120 0.82 0.84 0.02 8.14E-06 1
18 1080 120 0.8 0.81 0.01 4.21E-06 0
20 1200 120 0.77 0.79 0.02 6.50E-06 1
22 1320 120 0.74 0.76 0.02 6.75E-06 1
25 1500 180 0.7 0.72 0.02 6.27E-06 1
30 1800 300 0.65 0.68 0.03 5.00E-06 0
35 2100 300 0.6 0.63 0.03 5.37E-06 0
40 2400 300 0.57 0.59 0.02 3.42E-06 0
50 3000 600 0.5 0.54 0.06 4.35E-06 0
60 3600 600 0.45 0.48 0.05 3.46E-06 0
85 5100 15 00 0.34 0.40 0.12 3.64E-06 0

178 10680 55 80 0.11 0.23 0.49 4.16E-06 0

Hydraulic Conductivity

Test ID: HA05

Refer to HA05 Engineering Log for soil description. 
Following presoaking of hole, groundwater was measured 
at 1.75m below ground level.
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