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1.0 Introduction

AECOM New Zealand Limited (AECOM) has been engaged by Housing New Zealand Limited (HNZ)
to undertake a geotechnical assessment for the construction of 65 new residential units at a vacant
site adjacent to the Flagstaff Shopping Centre, located on Endeavour Avenue, Hamilton (hereafter
referred to as the site).

This report presents the results of the geotechnical investigation carried out on the site and provides a
discussion of geotechnical constraints and preliminary recommendations for building foundations for
the proposed development. We understand this report, if required, will support a land use consent
application for the site.

Based on the plans provided to AECOM, the site covers an area of 19,695 m? and HNZ propose to
develop 65 new residential units comprising 14 single bed units, 24 three bed units (duplex), 24 four
bed units (duplex) and 3 five plus one bed units (duplex). Elevations or detailed drawings of the units
have not been provided to AECOM.

The preliminary layout of the development presented in Appendix A.

2.0 Scope of Assessment

The scope of work for this assessment is based on the layout plan provided by HNZ. The limited
scope of this assessment includes:

X  Review of available information relevant to the site including proposed site layout plan,
topographical information, geological maps and existing geotechnical information.

x  Walkover of the site by an AECOM engineering geologist to identify geomorphic features that
may impact development of the property

X  Seven hand augered drillholes with accompanying soil strength tests such as Dynamic Cone
Penetrometer (DCP or Scala Penetrometer) tests and shear vanes tests, to a maximum depth of
3 m below existing ground level.

X  Cone Penetration Tests (CPT) to inform assessment of soil liquefaction and static settlement.

X  Assessment of geotechnical constraints that may impact development and preliminary
recommendations for building foundations.

X  Preparation of a summary report to inform development planning

3.0 Site Description

The site has a total land area of approximately 19,700 m®and is located in the Flagstaff suburb of
Hamilton. The site is located adjacent to the Flagstaff Shopping Centre, situated on Endeavour
Avenue, Hamilton.

The site is currently vacant comprising a grassed recreational area and bounded by a sports field to
the north, the shopping centre to the west and residential development to the south and east. The site
is gently sloping towards the west which directs overland water flow to a swale running parallel to the
western boundary.

Hamilton City Council wastewater and stormwater pipes cross the site. The wastewater pipe is buried
approximately 5 metres below ground level, oriented roughly North West to South East, and extends
across the entire site. The stormwater pipe extends from an existing structure near the South East
corner of the site and extends towards north-northwest terminating near the sites northern boundary. It
contains a short westward orientated extension, and the burial depth of the stormwater pipe is
unknown but likely to be relatively shallow.
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4.0 Geological Setting

The site is located approximately in the centre of the Middle Waikato Basin (Hamilton Lowlands), in
northern residential Hamilton. A geological map of the area (Edbrooke, 2005) indicates that the site is
underlain by Hinuera Formation materials.

The youngest geological unit expected at the site is the Hinuera Formation which was deposited
between 50,000 and 17,000 years ago by an ancient braided river system. The river system later
became entrenched and formed the Waikato River. The Hinuera formation is typically the near surface
geology of the plains in the Hamilton area.

The Hinuera Formation consists of rhyolitic and pumiceous gravel, sand and silt. Localised, surface
and subsurface peat or organic silt deposits can be present. There is distinct cross-bedding throughout
the formation, and soil conditions can be highly variable.

The site geology plan is shown in Appendix A.

5.0 Site Investigation

The site investigation was undertaken by AECOM engineering geologists on 13 February 2019. Each
of the investigation holes were logged in general accordance with the New Zealand Geotechnical
Society (NZGS) Guidelines for Field Description of Soil and Rock (2005). A plan showing the location
of the investigations is presented in Appendix A.

Raw data reports of the CPT results and logs of the materials encountered in the auger holes along
with the soil strength test results are presented in Appendix B.

51 Ground Conditions
5.1.1 Shallow Ground Investigation

Ground conditions encountered by the hand auger investigations indicate the near surface ground
conditions consist of 0.1 m to 0.3 m of topsaoil, overlying bedded alluvial fine to coarse sand and silt.
Overall, the natural ground conditions are consistent with the Hinuera formation.

Peak undrained shear strength measured with a hand held shear vane were carried out in cohesive
materials were generally between 81 kPa to over 200 kPa indicating stiff to hard consistency. Typical
results ranged from 90 kPa to 150 kPa, indicating predominantly stiff to very stiff cohesive material.

Dynamic Cone Penetrometer test results indicate the granular materials range from loose to dense,
with readings of 1 to 11 blows per 100 mm penetration. Typical results ranged from 3 to 7 blows,
indicating the granular materials are predominantly medium dense.

As shown in Table 1, groundwater was encountered at varying depths across the site.

Table 1 Depth to groundwater encountered in hand augure  d drillholes

Test " Depth to groundwater (m)

HAO1 GWNE
HAO02 2.65

HAO3 GWNE
HAO4 GWNE

HAO05 2.65
HAO06 1.9*
HAO7 2.7*

GWNE: groundwater not encountered
*perched groundwater table
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5.1.2 Cone Penetration Testing

The CPT data was interpreted using the software CPeT-IT v.2.0.1.82 developed by GeoLogismiki.
Ground conditions encountered within the tests showed a predominantly sand and silty sand profile up
to 20 metres deep, interbedded with clay and silt layers. Average cone resistance recorded was within
5to 15 MPa in the sandy layers, while the silt and clay lenses showed resistance readings of <1 to 2
MPa.

6.0 Geotechnical Assessment

6.1 Static Settlement

Static settlement can occur when a load is placed on the existing soil. Such loads may be from earth
fill placed as part of the development, densification of upper ground layers by removal and
replacement with higher density compacted material, or from structures.

A preliminary assessment of static settlement has been undertaken using the CPT data and the
software package CPeT-IT. An imposed load of 12 kPa has been adopted over a footing width of 1.2
metres to simulate the load of the building foundations (simulating a two story dwelling with raft
foundation).

Indicative settlement estimates from the CPT data under the imposed load show that there will be
negligible total settlement.

6.2 Expansive Soils

Soil expansion is associated with water content changes in clay minerals. The greatest problems
occur in soils with a high montmorillonite content (Coduto, 2012).

The near surface soils encountered on this site are alluvial sand and silt of the Hinuera Formation. The
risk of soil expansion is therefore considered negligible.

6.3 Soil Liguefaction
6.3.1 General

During an earthquake cyclic ground motion can result in several changes to the soils characteristics.
Pore-water pressure in the soil can increase which results in a loss of soil strength and a reduced
bearing capacity of the soil.

If the excess pore pressure is great enough, liquefaction can occur. The pressure can be released
with surface expressions such as ejection of soil/water at the ground surface or dissipate into
surrounding soils. Following the liquefaction, the soil particles re-settle out of the suspension which
manifests as ground surface settlement.

Soil liquefaction typically occurs in fine-grained, non-cohesive and low plasticity soils. The
susceptibility of a site to soil liquefaction is a function of particle size distribution, groundwater level,
and soil density.

Strain softening can occur in clay like soils when they are subjected to seismic loading. This results in
a loss of strength but does not contribute to ground surface settlement. It can however contribute to
lateral displacements, and result in a loss of bearing capacity.

6.3.2 MBIE and NZGS Geotechnical Gui delines

Ministry of Business, Innovation and Employment (MBIE) have partnered with New Zealand
Geotechnical Society (NZGS) to create best practice guidelines for earthquake geotechnical
engineering. Six modules have been published at the time of writing.

Our assessment is in general accordance with the guidelines hence forth referred to as Modules 1 to
6.
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6.3.3 Seismic hazard

Module 1 recommends using seismic loading determined from the NZTA Bridge Manual Third Edition
(NZTA, 2016) which references NZS1170.5:2004. The seismic loading inputs are as follows:

X  Foundation soil classification: Class D +deep or soft solil site.

X 1000-year return period PGA coefficient (Co 1000): 0.28 (Table 6A.1, NZTA, 2016).

X  Structure importance level: 2 (Table 3.2, NZS 1170.0, 2002)
X Structure design life: 50 years

The resulting seismic loadings are:

X  Serviceability limit state (1/25): SLS = 0.05 g Magnitude 5.9
X  Ultimate limit state (1/500): ULS = 0.22 g Magnitude 5.9
6.3.4 Assessment methodology

An assessment of soil seismic behaviour was undertaken using CLiq v.2.0.8.85 developed by
GeolLogismiki, using the results of the CPT tests. The following methodologies were used to assess
the seismic behaviour at the site as recommended by Module 3:

X Analysis method: Boulanger and Idriss (2014)
X  Fine correction as per Boulanger and Idriss (2014)
X  Vertical Settlements according to Zhang et al. (2002)

$Q DVVHVVPHQW RI WKH VXVFHSWLELOLW\ RI WKH VRLOVY VHLVPLF UHV
based on the results of in-situ CPT testing undertaken within the property. For this assessment we

have adopted an earthquake groundwater level of 3 mbgl for all CPT tests. It is based on groundwater

encountered in adjacent hand augered drillholes, the dipped levels within the CPT holes, or estimated

using the dynamic pore pressure plots where the dipping was unsuccessful due to hole collapse.

Table 2 presents the in situ depth to water table for each CPT.

Table 2 Depth to in situ ground water table for each CPT

Test " Insitu groundwater depth (m)

CPTO1 | 2.65
CPT02 | 3.32°
CPTO3 | 4.00°

CPTO4 | 2.7°
CPTO5 | 1.9
CPT06 | 4.7°

'Based on groundwater encountered in adjacent hand augered drillhole
Based on dipped levels within the CPT holes
3Estimated using the dynamic pore pressure plots

6.3.5 Aging Factors

The Hinuera Formation was deposited in the period 17 to 50 thousand years ago. There is little

evidence of liqguefaction in materials of this age in case studies. Monaco and Schmertmann (2007)

note that micro structure changes due to aging are not captured by CPT tests. They also go on to

VWDWH 3SWKDW JLYLQJ LQVXIILFLHQW ZHLJKW WR DJLQJ RU GLVUHJDUGL
SDUDPHWHU LQ WKH FRUUHODWLRQ”~

Aging factors for the Hinuera Formation have been calculated using the correlations in Hayati et al
(2008), Hayati & Andrus (2009) and Robertson & Cabel (2012). The aging factors from the various
methods are presented in table 3 below.
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= vayai ota oos) (8 Anus Bobern &
Youngest 17,000 1.55 1.38 1.31
Mean 33,500 1.6 1.42 1.32
Oldest 50,000 1.63 1.44 1.33

Clayton & Johnson (2013) looked at the applicability of aging factors in the Hinuera Formation by
comparing the estimated shear wave velocity to the measured shear wave velocity. They concluded
that an ageing factor of 1.3 to 1.4 may be appropriate.

Our assessment adopts an aging factor of 1.32 for the Hinuera Formation deposits.
6.3.6 Results and interpretation

The site response to shaking and liquefaction effects is related to the liquefaction triggering factor (FL),
Liguefaction Potential Index (LPI), and Liquefaction Severity Number (LSN). Based on our review of
the assessment outputs and estimated ground surface deformations we have assigned a performance
level for each CPT in accordance with Table 1, and presented in Table 2.

At SLS (Serviceability Limit State) loading the results of the liquefaction analysis predict that there is
negligible liqguefaction and no ground surface settlements.

At ULS (Ultimate Limit State) loading it is predicted that there will be a generally low risk of liquefaction
occurring (LPI) with little to no expression of liquefaction predicted (LSN). Cumulative settlements in
the order of 30mm to 60mm are expected if liquefaction were to occur. Liquefaction is most likely to
occur from 4 m to 15 m depth. Based on the estimated LPI, LSN and vertical settlement, performance
levels of mild are expected.

Outputs from the assessment are presented in Appendix C.

Table 4 General performance levels for liquefied deposits (reproduced from Table 5.1 in Module 3)

EFFECTS FROM EXCESS
PERFORMANCE | PORE WATER PRESSURE | CHARACTERISTICS OF LIQUEFACTION

CHARACTERISTIC

AND LIQUEFACTION AND ITS CONSEQUENCES Fp, LPI
No significant excess pore water pressures FL>14
LO Insignificant (no liquefaction). LPI=0
LSN <10
Limited excess pore water pressures; negligible FL>12
L1 Mild deformation of the ground and small settlements. LPI=0
LSN=5-15
Liquefaction occurs in layers of limited thickness FL=10
L2 Moderate (small proportion of the deposit, say 10 perc.ent LPI<S
or less) and lateral extent; ground deformation LSN10 - 25
results relatively small in differential settlements.
Liquefaction occurs in significant portion of the
deposit (say 30 percent to 50 percent) resulting in FL<1.0
L3 High transient lateral displacements, moderate differential LPI=5-15
movements, and settlement of the ground in the order LSN =15 - 35
of 100mm to 200mm.
Complete liquefaction develops in most of the deposit FL<<10
L4 Severe resultlhg mhlarge laFeral displacements of the ground, LPI>15
excessive differential settlements and total settlement
LSN > 30
of over 200mm.
Liquefaction resulting in lateral spreading (flow),
L5 Vet aevere large permanent lateral ground displacements and/or

significant ground distortion (lateral strains/stretch,
vertical offsets and angular distortion).
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