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1. Introduction  

1.1 Purpose and scope 
Initia Ltd (Initia) was engaged by Greenstone Land Developments Ltd to provide geotechnical services 
in relation to the proposed residential subdivision at a site off Kenny Road, Te Awa, Napier. This report 
presents a summary of the works undertaken and provides relevant geotechnical recommendations for 
the proposed development. Initia were commissioned part way through  the earthworks to provide 
certification of the site for residential housing.  

The revision (Rev B) of the report has been produced to include Lot 2. Lot 2 was the site of a 
temporary sediment control pond during the development. This pond has now been backfilled with 
engineered fill and we have received and reviewed the test data for  Lot 2.  Accordingly, this report and 
subsequent recommendations relate to Lots 2 to 24 (Stage 2).  

The following works have been undertaken in accordance with our proposal dated 30 April 2020 1: 

�x A review of local geology (published geological maps). 

�x A site inspection by a geotechnical engineer. 

�x A review of historic investigations carried out by Resource Development Consultants Limited 

(RDCL) 

�x Site specific geotechnical investigations comprising: 

o 2 No. machine drilled boreholes to depths of between 13.05m and 15.37m below 

ground level (bgl); 

o 23 No. Cone Penetration Tests (CPT) to depths of between 11.02m and 13.92m bgl. 

�x An assessment of site subsoil class in accordance with NZS 1170.5:20042. 

�x An assessment of seismic hazard using CPT data. 

�x An assessment of geotechnical considerations associated with the foundation design. 

�x An assessment of geotechnical considerations associated with the pavement design. 

�x Preparation of this report.  

1.2 Proposed Development  
The proposed development comprises a 48-lot subdivision with an existing house being retained in the 
southern area of the site adjacent to Kenny Road (Lot 1). The majority of the site has been raised due 
to the Napier City Council (NCC) flood levels in the area.  A retaining wall is to be constructed along 
the western boundary of the site with the retained height up to 1.2m. The Earthworks plan by Strata 
Group3 attached in Appendix A indicates up to 1.5m of engineered fill has been placed across the site.  

Access to the subdivision is proposed to be via two roads, one off Kenny Road to the south of the site 
and from Waimakariri Drive to the north.  

A Resource Consent (RMS19069) has already been granted for this project based on previous 
investigations from other consultants (RDCL). 

 
1 Initia Ltd (30 April 2020). Proposal for Geotechnical Consultancy Services �K Kenny Rd Subdivision, Te Awa, Napier. 
2 New Zealand Standard (2004). Structural Design Actions �K Earthquake Actions �K New Zealand. 
3 Strata Group Consulting Engineers Ltd (26 June 2019), Earthworks Plan �K Te Awa, Kenny Road, Napier. Ref J5174. 
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2. Site Conditions and Geology 

2.1 Site Description and Location  
The site of interest (legally named Lot 2 DP 532863) is located off Kenny Road in Te Awa, Napier. The 
site is 540m west of the Napier coastline. The site was previously used as a lifestyle farming block and 
contains well established trees in the southern and eastern parts of the site. The site appears to be on 
a former flood plain and is therefore typically flat, sitting at an elevation of approximately RL 11m �K 
12m. The site is bounded by developed residential property to the north, east and west of the site, 
with Kenny Road to the south of the site. Refer to Figure 2-1 below: 

  

Figure 2-1 - Site Overview with highlighted boundaries  

We note there is a stormwater overland flow drain along the eastern boundary of the site that has 
been infilled as part of this development. 
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2.2 Geological setting  
�$�_�;���]�;�o�t�o�]�b�1�-�t�����-�r���o�=���|�_�;�����-�‰�h�;�=�v�����-�‹�����u�;�-4 shows the site to be underlain by Holocene aged Alluvial 
Deposits comprising gravel, sand and silt and clay, forming the Heretaunga Plains. Refer to Figure 2-2 
below:  

 

Figure 2-2 - Geological Map of the Hawkes Bay Area showing site area.  

 

 

 

 

 
4 ���;�;�7�����:���:�8���$�o�‰�m�v�;�m�7�7���	�:�8�����t�-�m�7�7�����:�8�����-�l�r�7�����:���:���:���P�1�o�l�r�b�t�;�u�v�Q���‘�•�•�•�9�����;�o�t�o�]�‹���o�=���|�_�;�����-�‰�h�;�=�v�����-�‹���-�u�;�-�9���v�1�-�t�;���•�9�‘�”�•�7�•�•�•�:�����o�‰�;�u��
Hutt: Institute of Geological & Nuclear Sciences Limited. Institute of Geological & Nuclear Sciences 1:250,000 geological map 8. 
86 p. + 1 folded map 

Approximate Site Location 
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3. Geotechnical Investigations  

3.1 Previous investigations (RDCL, 2019) 
Resource Development Consultants Limited (RDCL) have previously carried out a site investigation 
comprising �v�����o�:���$�;�v�|�����b�|�v�7���v�����o�:���	�‹�m�-�l�b�1�����o�m�;�����;�m�;�|�u�o�l�;�|�;�u�v���P�	�����=�v�Q���-�m�7���•�•�����o�m�;�����;�m�;�|�u�-�|�b�o�m��
�$�;�v�|�v���P�����$�=�v�Q���-�m�7���r�u�o�7�†�1�;�7���-���]�;�o�|�;�1�_�m�b�1�-�t���u�;�r�o�u�|���b�m��July 2019. The �	�����=�v���‰�;�u�;���†�m�7�;�u�|�-�h�;�m���-�7�f�-�1�;�m�|���|�o��
the test pits . Refer to Table 3-1 below for  the co-ordinates and depth of each test: 

Table 3-1 - RDCL's site investigation  

ID 
              Coordinates (NZTM)1 

Depth (mbgl) 
Easting (m) Northing (m) 

CPT01 1936382.6 5617594.6 10.34 

CPT02 1936322.1 5617550.5 11.52 

CPT03 1936283.9 5617592.0 12.48 

CPT04 1936245.4 5617524.5 12.70 

CPT05 1936275.9 5617476.4 12.34 

CPT06 1936234.5 5617434.2 13.42 

CPT07 1936309.6 5617431.9 12.46 

CPT08 1936317.2 5617508.3 11.90 

CPT09 1936381.1 5617508.3 10.70 

CPT10 1936379.1 5617438.4 11.46 
TP01 1936290.9  5617592.8  3.40 
TP02 1936233.9  5617527.7  3.30 
TP03 1936251.7  5617440.8  3.40 
TP04 1936313.4  5617466.2  3.30 
TP05 1936317.1  5617529.8  3.20 
TP06 1936382.1  5617426.8  3.10 
TP07 1936378.0  5617533.71  3.00 
TP08 1936377.3  5617602.78  3.20 

Note 1: Coordinate system �K NZTM2000 . 

The existing investigation data indicates that the site is typically underlain by weak alluvial deposits 
comprising silts and sands, A dense gravel layer in identified at approximately 12m below ground level.  

Some main findings of th e RDCL report were: 

�x The site comprises loose unconsolidated alluvial deposits, highly susceptible to liquefaction.  
�x The site has a very high risk of liquefaction with vertical settlements of 300mm anticipated for 

a ULS event.  
�x The site is prone to flood levels for a 50-year return period. Earthworks may be required to 

elevate ground levels above flood levels. 
�x Foundations will require TC3 type in accordance with MBIE Part C Technical Guidance which 

in Hawkes Bay practically means a 1.2m undercut with the construction of a reinforced gravel 
raft.  

Refer to Appendix B for the RDCL report and investigation logs. 
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3.2 Current  investigation (Initia, 2020)  
On 20 to 22 May 2020, a site investigation comprising 2 No. Machine Boreholes (BHs) and 23 No. 
Cone Penetration Tests (CPTs) was carried out by Geotech Drilling Ltd under the supervision of a 
Geotechnical Engineer from Initia. The boreholes were logged in accordance with the New Zealand 
Geotechnical S�o�1�b�;�|�‹���P���,���"�Q���<�
�b�;�t�7���7�;�v�1�u�b�r�|�b�o�m���o�=���"�o�b�t���-�m�7���!�o�1�h�=���]�†�b�7�;�t�b�m�;�v�:���$�_�;���u�;�1�;�m�|�����m�b�|�b�-��
investigation plan and logs are attached in Appendix C. Refer to Table 3-2 below for the location co-
ordinates and depth of each test: 

Table 3-2 �K Initia site investigations  

ID 
              Coordinates (NZTM)1 

Depth (mbgl) 
Easting (m) Northing (m) 

BH01 1936225.3  5617434.0  15.37 
BH02 1936384.3  5617602.9 13.05 
CPT01 1936230.7  5617458.3  13.86 
CPT02 1936229.5  5617490.6  13.60 
CPT03 1936230.7  5617517.2  13.50 
CPT04 1936277.9  5617571.9  13.46 
CPT05 1936291.7  5617612.5  13.40 
CPT06 1936335.4  5617608.3  12.24 
CPT07 1936392.2  5617606.9  11.02 
CPT08 1936392.6  5617575.7  11.42 
CPT09 1936391.1  5617541.4  11.72 
CPT10 1936389.4  5617502.5  12.02 
CPT11 1936356.4  5617456.1  11.92 
CPT12 1936352.9  5617494.1  12.14 
CPT13 1936323.2  5617505.4  12.76 
CPT14 1936297.8  5617514.3  13.16 
CPT15 1936273.4  5617509.8  13.72 
CPT16 1936305.4  5617451.7  12.36 
CPT17 1936308.2  5617417.1  12.54 
CPT18 1936266.8  5617417.7  13.40 
CPT19 1936262.5  5617456.9  13.24 
CPT20 1936342.2  5617545.7  12.28 
CPT21 1936323.1  5617581.1  12.90 
CPT22 1936297.3  5617543.2  12.80 
CPT23 1936229.4  5617429.4 13.92 

Note 1: Coordinate system �K NZTM2000 (measured by handheld GPS). 

3.3 Groundwater  
The groundwater levels recorded at the machine boreholes after testing were 1.6m bgl at BH01 and 
2.3m bgl at BH02. Groundwater depths across the site varied from site-specific locations typically 
ranging from 0.8m bgl �K 3.4m bgl inferred from  the CPT testing. This was measured during May 2020 
(end of autumn) and ground water levels are expected to be shallower during wet winter months. 

A piezometer standpipe was installed at BH01 to monitor the groundwater levels which are likely to be 
higher in the upcoming winter period. 
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3.4 Laboratory Testing  

3.4.1 Sampling 

Soil samples were extracted from the two boreholes during the investigation. 3 No. samples were 
taken from the site per borehole for testing . 

3.4.2 Laboratory  Test Scheduling 

A total of 6 laboratory tests were chosen to be carried out from the two  machine boreholes. These 
tests included: 

�x 6 No. Atterberg Limit tests to test the soils for their  Liquid Limit, Plastic Limit and Plasticity 
Index.  

This type of testing assists with the liquefaction classification for the soils at the site.     

3.4.3 Laboratory  Testing and Results 

Geotechnical testing of soil samples was undertaken by Babbage Geotechnical Laboratory. The 
laboratory testing results is presented in Appendix D. 

Testing was carried out in accordance with the following specifications:  

�x Atterberg Limits   
ASTM D4318 �K 10e1: Standard Test Methods for Liquid Limit, Plastic Limit, and Plasticity 
Index of Soils 
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4. Site stratigraphy  
The results of the most recent geotechnical investigations carried by Initia (2020) indicates that the 
site is underlain by the following soil units: 

�x Unit 1: Firm sandy SILT and SAND with trace clayey lenses; overlying 
�x Unit 2: Soft silty CLAY and Clayey SILT; overlying 
�x Unit 3: Firm sandy SILT and SAND; overlying 
�x Unit 4: Soft silty CLAY and SILT; overlying 
�x Unit 5: Loose Silty SAND and SAND interbedded with soft to firm SILT/CLAY; overlying 
�x Unit 6: Soft Clayey SILT and Silty CLAY with some thin sandy lenses; overlying 
�x Unit 7: Dense Gravelly SAND to very dense GRAVEL 

This geological sequence is typical of the Heretaunga Plains which comprise alluvial soils of the 
Holocene age, based on our previous experience. The nature and continuity of the subsoils away from 
the investigation locations is inferred and it must be appreciated that actual conditions may vary from 
the assumed model. 

4.1.1  Unit 1: Firm sandy SILT and SAND with trace clayey lenses  

The very upper soil unit of the site comprises Sandy SILT and SAND, at a thickness of 0.5m �K 1.8m. 
The CPT measured cone tip resistance (qc) was generally around 4MPa for this layer. 

4.1.2 Unit 2: Soft silty CLAY and Clayey SILT 

A layer of soft Silty CLAY Clayey SILT underlies the above layer, at a thickness of approximately 0.5m 
�K 0.6m. The material within this layer is typically highly plastic and moist. The CPT measured cone tip 
resistance (qc) was generally low, around 0.5-1MPa for this layer.  

4.1.3 Unit 3: Firm sandy SILT and SAND 

Below the upper silty clay and clayey silt layer lies a sandy SILT �K SAND soil unit approximately 0.8-
1.2m thick. This sand in this unit was generally fine to medium grained and was saturated. The CPT 
measured cone tip resistance (qc) was generally around 2MPa for this layer. 

4.1.4 Unit 4: Soft silty CLAY and SILT 

A layer of soft Silty CLAY and SILT follows the upper layers with a thickness of 0.6-1.5m. The material 
within this layer is typically highly plastic and wet with some traces of shell fragments found 
throughout the layer.  The CPT measured cone tip resistance (qc) was generally low, around 0.5MPa for 
this layer. 

4.1.5 Unit 5: Loose Silty SAND and SAND interbedded with soft to firm 
SILT/CLAY 

The next soil unit was a silty SAND and SAND unit with interbedded layers of CLAY. This unit has a 
thickness of 4.0-8.5m. The SAND was generally fine to medium grained. The interbedded layers of 
cohesive material were generally high in plasticity with trace shell fragments. The CPT measured cone 
tip resistance (qc) was generally around 4MPa for this layer. 

4.1.6 Unit 6: Soft Clayey SILT and Silty CLAY with some thin sandy lenses 

A layer of soft clayey SILT and silty CLAY follows the upper layers with a thickness of 1.6-3.2m. The 
soil unit was generally highly plastic, soft in nature and wet to saturated. The CPT measured cone tip 
resistance (qc) was generally low, around 0.5MPa for this layer. 
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4.1.7 Unit 7: Dense Gravelly SAND to very dense GRAVEL 

This unit is described as gravelly SAND and GRAVEL., Three Standard Penetration Tests (SPT) were 
performed in this layer with results being 40, 49 and 50+ indicating this layer is dense to very dense. 
The maximum depth of this soil unit was not proven during these investigations. 

The presence of this dense to very dense GRAVEL layer is also evidenced by the recent CPTs which all 
recorded a significant increase in the cone resistance which resulted in refusal of penetration at similar 
depths to those identified in the boreholes.  

A summary of the site stratigraphy, layer thicknesses and their measured in situ strength test results 
are presented in the table below: 

Table 4-1 - Site Stratigraphy  

Geological 
Unit  Soil description 

Depth to 
top of unit 

(m) 

Layer 
thickness 
range (m) 

In situ test parameters �K range 
and [typical values] 

Su 

(kPa) 
qc 

(MPa) 
�"���$���<���=��
value 

H
ol

oc
en

e 
A

llu
vi

um
 

Unit 1 : Sandy SILT and 
SAND with trace clayey 
lenses 

0.0 0.5-1.8 Not 
Proven 

1-16 
[4] N/A  

Unit 2: Soft silty CLAY and 
Clayey SILT 0.5-1.8 0.5-0.6 Not 

Proven 
0.5-1 
[0.5] N/A  

Unit 3: sandy SILT and 
SAND 1.0-2.4 0.8-1.2 N/A  1-6 

[2] N/A  

Unit 4: Soft silty CLAY and 
SILT 2.0�K3.4 0.6-1.5 Not 

Proven 
0.5-1 
[0.5] N/A  

Unit 5: Silty SAND and 
SAND interbedded with soft 
to firm SILT/CLAY (up to 
2.0m thick layer) 

3.0�K4.8 4.0-8.5 N/A  0.5-16 
[4] N/A  

Unit 6: Soft Clayey SILT and 
Silty CLAY with some thin 
sandy lenses 

8.0-11.8 1.6-3.2 Not 
Proven 

0.5-1 
[0.5] N/A  

Unit 7: Dense to very dense 
gravelly SAND and GRAVEL 10.8-13.7 Not Proven N/A  Not 

Proven 
40-50+ 

[45]  
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5. Fill Certification  

5.1 Earthworks    
According to the Zorn Surveying fill contour plan, it appears 0.3m�K1.5m of engineered fill has been 
placed across the site. This is essential to bring the level of the site to be above the NCC flood levels in 
the area.  

The site was cleared of vegetation and any topsoil present stripped from the work area. Where  
practicable, disturbance to vegetation cover outside the extent of the earthworks has been minimised 
to aid sediment control. 
 
Compaction of any fill material has been in accordance with NZS 4404:2010. The imported granular fill 
has been placed in 200mm maximum layer thicknesses and compacted to an engineered specification.  

For Lots 3 to 24, river silt was imported to the site for this project and the following preliminary 
compaction criteria for  this material was recommended: 

Compaction of Imported River Silt  

Dry density �K NDM:  Minimum Dry Density  92% 

 Average Dry Density 95% 

All material used as fill on site was reviewed by the Geotechnical Engineer prior to placement. 

5.2 Testing Results 
Initia have been provided with all the engineered fill test results that relate to all the lots across both 
Stage 1 and 2. Typically, all the testing indicated greater than 95% of Maximum Dry Density (MDD). In 
terms of strength of the engineered fill layer , there is a significant increase in strength shown in the 
CPT plots where the probe has been pushed through the engineered fill later at the surface.   

Some high voids have been noted on the test data received by Initia. We understand that this was due 
to a delay in the earthworks testing following compaction in warmer summer months.       

Copies of all the test data and relevant compaction curves are presented in Appendix D.  
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6. Geotechnical Considerations  

6.1 General 
The following geotechnical considerations are relevant to the design and construction of the proposed 
development and are addressed in the following sections: 

�x Site seismicity and subsoil class; 
�x Liquefaction assessment; 
�x Static Settlement risk; 
�x Retaining wall design parameters; 
�x Foundation Options  

The interpretations, advice and recommendations presented in this report are based on geotechnical 
investigations completed by Initia and others at point locations. The nature and continuity of the 
ground conditions away from the investigation loc ations is inferred and it must be appreciated that 
actual conditions could vary from the assumed model. 

6.2 Site seismicity and subsoil class 
Based on the previous and recent geotechnical investigations at the site and in the adjacent area, we 
consider that the site subsoil class should be classified as Class D �K Deep or Soft Soil Site, in 
accordance with NZS1170.5 (2004)5. 

For determination of the design Peak Ground Acceleration (PGA), we have assumed an Importance 
Level 2 and a 50-year design life for the future structures likely to be situated across the subdivision 
development.  

Table 6-1 Design PGA and average magnitude of an earthquake contributing to PGA  

Limit States Return Period PGA Average Magnitude 

ULS 500 years 0.33g 6.9 
SLS 25 years 0.08g 6.2 

Note: The design PGAs have been based on an Importance Level 2 structure and a 50-year design life. 

6.3 Liquefaction susceptibility  & triggering  
The liquefaction susceptibility of the underlying material at the proposed subdivision has been 
assessed using the results of the Initia 2020 Investigations. 

A CPT-based liquefaction analysis has been carried out using the computer programme CLiq v.2.36 on 
the recent Initia CPTs (23 No.). The adopted analysis method is based on the study by Boulanger and 
Idriss (2014).  

There is a general agreement that sands, non-plastic silts, and gravels mixtures form soils that are 
susceptible to liquefaction. Based on the site investigation and the laboratory test results, two of the 
stratigraphic units identified at the site comprise materials which are considered susceptible to 
liquefaction, as follows: 

�x Unit 3: Firm sandy SILT and SAND (approx. 0.8-1.2m thick) and, 
�x Unit 5: Loose Silty SAND and SAND interbedded with SILT and CLAY (4.0-8.5m thick).  

 
5 New Zealand Standard NZ 1170.5:2004 Structural Design Actions: Part 5: Earthquake actions �K New Zealand. 
6 Geologismiki (2020), CPeT-IT �K detailed software package for the interpretation of Cone Penetration Test (CPTu) data. 
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It is noted that more cohesive layers, locally identified as part of this unit, are not considered 
susceptible to liquefaction, based on the laboratory Atterberg Limit  test results. The Atterberg Limit 
tests carried out by Babbage Geotechnical Testing Laboratory (refer to Appendix D) show that these 
more cohesive layers have a Plasticity Index (PI) of over 14  and are therefore considered unlikely to 
liquefy according to the MBIE �K Module 3 7 guidelines. 

Should the inferred soil behaviour type (Ic) of the soil layers tested with a PI > 12, shows these soils at 
the limit between clay -like and sand-like behaviour, the liquefaction analyses have been manually 
changed by reducing the soil behaviour cut-off value Ic from 2.6 previously adopted to 2.4 -2.5, in order 
to model the non-susceptibility of these soils.  

For the soils identified as susceptible to liquefaction, the liquefaction triggering assessment carried out 
using CLiq indicates the risk of liquefaction under SLS seismic event is low across the site (FoS > 1.0). 
For the ULS design event, the analysis indicates that liquefaction triggering may occur at various depth 
and thickness across the site. The liquefaction assessment results based on CPT data are attached in  
Appendix E and summarised in Table 6-2 below: 

Table 6-2: Liquefaction Assessment Summary for ULS seismic event 

Unit ID  Material Description  
Identified potentially liquefiable zone 

LSN LPI Depth 
from (m) 

Depth to  
(m) 

Thickness 
(m) 

Unit 3  Firm sandy SILT and 
SAND 1.2-1.6 1.3-2.5 0.1-0.7 15-30 12-25 

Unit 5  
Loose Silty SAND and 
SAND interbedded with 
SILT and CLAY 

3.0 10-11.8 0.1-2.5   

 

The general performance levels for liquefied deposits at the site are estimated in accordance with the 
MBIE-Module 3 guidelines, based on the review of the liquefaction severity number (LSN) and 
liquefaction potential (LPI) calculated for each CPT. The review of the LSN and LPI results indicates 
�|�_�-�|���|�_�;���u�b�v�h���o�=���t�b�t�†�;�=�-�1�|�b�o�m���-�=�=�;�1�|�b�m�]���|�_�;���v�b�|�;���b�v���1�t�-�v�v�b�=�b�;�7���-�v���<���b�]�_�=�:�� 

According to the MBIE Module 3,  liquefaction could result in transient lateral displacements, moderate 
differential movements and settlement s of the ground in the order of 100mm -200mm. This range is in 
general accordance with the settlements estimated using the Zhang et al (2002) method. However, 
these settlements should be treated as proxy for damage only and do not reflect a reliable estimate of 
actual settlements. The predicted liquefaction induced settlement might lead to damage to the future 
building foundations and slabs. The Structural Engineer should allow for predicted liquefaction induced 
settlements in the design and/or for future re pairs post-earthquake. 

Additionally, although earthworks  are currently undertaken at the site, to generally raise the overall 
site level by up to 1.2m, which will result in a non-liquefiable crust thickness varying between 1.5m 
and 2.0m, we do not recommend to  rely on any beneficial effects from the non-liquefiable crust. The 
thickness of soil overlying potentially liquefiable layers is not considered as sufficiently reliable to 
mitigate the manifestation and damaging effects of liquefactions. The future buildings should be 
designed to accommodate for liquefaction damages. Recommended foundations at the site are 
presented in Section 6.6 of this report.  

 
7 MBIE (2016), Earthquake Geotechnical Engineering Practise: Module 3: Identification, assessment, and mitigation of 
liquefaction hazards, 
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The old open channel located along the eastern site boundary has been infilled. The site finished 
ground is generally level without any open slope faces, and on this basis, risk of lateral spreading is 
considered to be negligible. 

6.4 Static Settlement  
The site is underlain by Holocene Alluvium deposits, which are considered susceptible to consolidation 
settlement. Settlement analyses have been undertaken to estimate primary consolidation settlements 
induced either a) by the earthworks fill placement (average 1.0m fill thickness) of b) by floor slab dead 
and live loads from future  residential buildings. 

Settlement analyses have been undertaken to estimate primary consolidation settlements from 
available CPT data using the geotechnical analysis software CPeT-IT. A Boussinesq load distribution 
has been considered for the analyses. 

6.4.1 Fill �K Primary Consolidation  Settlement  

Primary consolidation settlement induced from earthworks have been estimated assuming 1.0m fill 
thickness placed across a 100 m by 100 m square area. A unit weight of 20kN/m3 has conservatively 
been adopted for the fill material .  

The primary consolidation settlements estimated under 1.0m fill across the site range from 20mm-
60mm across the site. Result output s are presented in Appendix F. 

The time for consolidation settlements to be completed is dependent on the soil composition, the 
compressible layer thicknesses and the extent of filling. Settlement monitoring after fill placement has 
been completed across the site. Installation of services, pavement, and construction of future buildings 
at the site would only take place after these consolidation settlements have occurred, which should be 
demonstrated by a stabilisation in readings. 

Settlement monitoring results have been reviewed by the Geotechnical Designer to confirm the long-
term settlements are not expected to be worse than those predicted. This is covered in section 6.4.3 
below.  

6.4.2 Building �K Primary Consolidation Settlement  

For the purposes of assessing post-construction settlement induced by future building loads, it has 
been assumed that any earthworks related consolidation settlements will be completed prior to 
construction starting.  

Primary consolidation settlements induced by future building construction have been estimated for a 
typical 10kPa floor load across a 15m by 15m square area. Result output s are presented in Appendix F. 

The primary consolidation settlements under future building loads, based on CPT data, are estimated 
to be less than 25mm. Differential settlements in the order of 1 in 500 are generally expected 
considering the maximum total settlement value estimated. 

The predicted total and differential settlements are  understood to be typically tolerable  for th e 
proposed type of  development, provided adequate foundation system are selected and designed to 
accommodate the predicted long-term settlements. Recommended foundations and/or ground 
improvement at the site are presented in Section 6.6 of this report.  
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6.4.3 Settlement Monitoring  

The client instructed Zorn Surveying to install and monitor settlement pins installed on approximately 
every 3rd lot at the subdivision. This was to ensure that ground settlement due to the placement of fill 
at the site has ceased prior to construction of the dwelling.    

The results of the settlement monitoring are attached in Appendix F. In summary, all the settlement 
pins recorded less than 10mm of settlement over a 4-week period.    

6.5 Retaining wall parameters  
It is proposed to construct a retaining wall along the western boundary of the proposed subdivision. 
This is to retain the land from the neighbouring sites due to the proposed filling earthworks that are 
being undertaken to meet the NCC Flood levels in the area.  

The retaining wall has been designed by Stratagroup and Engineering approval has been granted by 
the Napier City Council for this.  

Retaining wall design parameters are presented in Table 6-3 below. All retaining walls should be 
designed to accommodate future potential surcharge pressures (up to 12kPa for any future new 
dwelling on the site). 

Table 6-3 - Retaining Wall Design Parameters  

Geological Unit 
Bulk 

Density 
(kN/m 3) 

�+�o�†�m�]�=�v��
Modulus 

of 
Elasticity 
E (mPa) 

Strength Earth Pressure Coefficients 

Effective 
cohesion 
�1�=���P�h���-�Q 

Friction 
angle, �"�=��

(deg) 
Active 

Ka 
Passive 

Kp 
At Rest 

Ko 

Engineered Fill 19 20 0 30 0.285 4.288 0.50 
Holocene 
Alluvium 18 10 2 28 0.309 3.868 0.53 

 

6.6 Foundation s for Lots 2 to 24  
Given the presence of liquefiable soils at site, we consider that this risk to future buildings would be 
too high for standard shallow strip footing foundation option  on the recently placed engineered fill. 
We consider that all dwellings to be located on Lots 2 to 24 are constructed on a gravel raft with an 
engineering raft type foundation. These foundation types are very common for residential type 
buildings in the Hawkes Bay due to their ability to withstand differential settlements in the event of an 
earthquake event. This option is outlined below:  

Gravel Raft 

We recommend that the existing ground be undercut by 600mm and backfilled with imported hardfill 
and compacted to form a gravel raft beneath the building platform. The horizontal extent of gravel raft 
should be at least 1.0m outside perimeter of the building.  

The imported hardfill should be placed and compacted in maximum 200mm layers using a smooth 
drum roller. The supplier of the hardfill should provide a NZ Heavy Compaction curve for the material 
which indicates the Maximum Dry Density (MDD).  
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The following testing should be carried out to ensure adequate compaction is being achieved: 

�x 95 % of MDD  
�x Clegg Impact values (CIV) greater than 20  

Testing should be carried on a 5m grid on every 2nd lift and on the final surface.   

Two layers of geogrid should be placed at the base of the excavation and at the mid-height of the 
gravel raft. 

Foundations 

A structural raft foundation (rib raft or other property system) should be designed with the following 
bearing capacities:  

�x Geotechnical ultimate bearing capacity 300kPa 
�x ULS factored bearing capacity 150kPa 
�x Allowable bearing capacity 100kPa 

A raft foundation �-�t�v�o���r�u�;�ˆ�;�m�|�v���|�_�;���0�†�b�t�7�b�m�]���=�u�o�l���<�r�†�t�t�b�m�]���-�r�-�u�|�=���b�m���-���t�-�u�]�;���;�-�u�|�_�t�†�-�h�;�: 
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7. Main Conclusions 
The geotechnical investigations and completion reporting have established that the Stage 2 (Lots 2 to 
24) of the Kenny Rd Subdivision, Te Awa, Napier is suitable for residential development in accordance 
with the recommendations outlined in this geotechnical completion report.  

The main point is that all lots 2 to 24 require the installation of a 600mm gravel raft beneath the 
proposed dwelling footprint and that a struct ural raft foundation is constructed.   We recommend that 
the Napier City Council adopt this recommendation when assessing individual Building Consent 
Applications for the site.   
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8. Applicability  
This report has been prepared for our client, Greenstone Land Developments Ltd, with respect to the 
brief provided to us.  We note that only a representative sample of earthworks were reviewed by Initia 
�-�m�7���|�_�;�u�;�=�o�u�;���‰�;���-�u�;���u�;�t�‹�b�m�]���o�m���|�_�;���1�o�m�|�u�-�1�|�o�u�=�v�����"�’���=�o�u���1�o�l�r�t�b�-�m�1�;���‰�b�|�_���7�;�v�b�]�m�:�����o���t�b�-�0�b�t�b�|�‹���b�v��
accepted for any omissions represented by those documents. The contractors PS3 should be obtained 
by the client and submitted to NCC.  The advice and recommendations presented in this report should 
not be applied to any other project or used in any other context without prior written approval from 
Initia Limited. 

 

 

Report prepared by:  Report reviewed by: 
   

Luke Williams 
Geotechnical Engineer 

 Andy Pomfret  
Senior Geotechnical Engineer/ 
Director  
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TE AWA - KENNY ROAD
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Full Size 1:500 ; Half Size 1:1000
Scale (m) 

1 FOR RESOURCE CONSENT 11/7/19 MC

EARTHWORKS NOTES:

�x CUT FILL PLAN INDICATES THE DIFFERENTIAL SURFACE BETWEEN EXISTING
GROUND AND FINISHED LEVELS.

�x ALL EARTHWORKS SHALL BE IN ACCORDANCE WITH NZS 4404:2010 LAND
DEVELOPMENT AND SUBDIVISION INFRASTRUCTURE AND NZS 4431:1989 EARTH
FILL FOR RESIDENTIAL CONSTRUCTION (INCORPORATING ALL AMENDMENTS).

�x SOIL TESTING SHALL BE IN ACCORDANCE WITH NZS 4402 1 TO 7:1986 METHODS
OF TESTING SOILS FOR CIVIL ENGINEERING PURPOSES - SOIL TESTS.

�x ALL VOLUMES HAVE BEEN CALCULATED IN SOLID ON FIXED DESIGN DEPTHS.
VOLUMES EXCLUDE POSSIBLE UNDER-CUT OF SOFT SPOTS, UNDERGROUND
FEATURES AND CONTAMINATED MATERIALS.

�x ALL MEASUREMENTS SHALL BE VERIFIED ONSITE.

�x DO NOT SCALE FROM DRAWING, IF EXTRA INFORMATION IS REQUIRED, PLEASE
CONTACT STRATA GROUP CONSULTING ENGINEERS.

�x IT IS THE CONTRACTORS RESPONSIBILITY TO SURVEY THE SUB-GRADE AND
UNDER-CUT OF SOFT SPOTS & ANY IRREGULARITIES TO ENSURE ACCURACY OF
CUT - FILL VOLUMES.

�x REFER TO SHEET C061 "EROSION AND SEDIMENT CONTROL PLAN" FOR THE
SEDIMENT CONTROL MEASURES AND CONTROL.

�x REFER TO TECHNICAL SPECIFICATION FOR CONSTRUCTION MONITORING AND
TESTING REQUIREMENTS.

ENGINEERED FILL TABLE
Number Minimum Level Maximum Level Colour

1 0.00 0.30
2 0.30 0.60
3 0.60 0.90
4 0.90 1.20
5 1.20 1.50

CUT / FILL TABLE
TOP SOIL STRIP 5,700 cu.m.

ENGINEERED FILL 16,950 cu.m.

RETAINING WALL NOTE:
- RETAINED HEIGHT GREATER THAN 400mm TO BE 150mm

DIAMETER POLES AT 900mm CENTERS. THE POLE IS TO BE
EMBEDDED 1200mm WITH A 300mm DIAMETER CONCRETE
ENCASEMENT.

- RETAINED HEIGHT LESS THAN 400mm TO BE 150mm
DIAMETER DRIVEN POLES (1200mm EMBEDDED) AT 900mm
CENTERS

- TIMBER RAILS ARE TO BE 200x50 H4 RS. NUMBER OF RAILS
TO SUIT RETAINED HEIGHT.
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PO Box 28057 
Havelock North 

New Zealand 
Tel: +64 6 877 1652 

Our Ref: L-19290602-01 

9 July 2019 
 
Greenstone Land Developments Ltd 
C/- 204 Queen Street East,  
HASTINGS, 4122 
 
Attention: Tim Wilkins 

�������.�(�1�1�<���5�2�$�'���±���3�5�(�/�,�0�,�1�$�5�<���*�(�2�7�(�&�+�1�,�&�$�/���5�(�3�2�5�7�� 

�(�;�(�&�8�7�,�9�(���6�8�0�0�$�5�< 

The site comprises loose unconsolidated alluvial deposits, highly susceptible to liquefaction. Deep 
tree root bowls and rubbish holes may be encountered onsite. 

Foundations will require TC3 type in accordance with MBIE Part C Technical Guidance, dated 
April 2015 which in Hawkes Bay, practically means a 1.2m undercut with reinforced 
(geogrid+geofabric), gravel raft fill. 

The site has a very high risk of liquefaction with vertical settlements of 300mm anticipated for a 
ULS event.  Lateral spread is possible on the eastern boundary (adjacent to the existing drain) and 
is a definite risk for any new drainage or excavations. 

The site is prone to flood levels for a 50 year return period. Earthworks may be required to elevate 
ground level above flood levels. 

Road subgrades are <3% and will require lime and cement modifications to achieve adequate 
subgrade. 

The site has been assessed for the levels and ground conditions at the time of testing.  Any changes 
to ground levels or excavations are likely to affect geotechnical recommendations and need to be 
specifically considered. 
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�,�1�7�5�2�'�8�&�7�,�2�1 

Greenstone Land Development Ltd has engaged Resource Development Consultants Ltd (RDCL) 
to undertake a Preliminary Geotechnical Report at 56 Kenny Road, Te Awa Napier.  

The findings in this report are based on current ground conditions and levels at the time of testing.  
Any changes in levels or ground conditions as a result of earthworks may have a significant impact 
on the geotechnical engineering and will need to be considered at that time. 

�6�,�7�(���'�(�6�&�5�,�3�7�,�2�1 

The site is located at 56 Kenny Road, Te Awa ~90m from the coastline and is bordered by Erickson 
Road to the west, Kenny Road to the south and residential subdivision to the north and east. 

The site is near level, with a man-made drainage channel (1m wide x 0.5m deep) oriented north to 
south along the eastern boundary.  

A residential dwelling, garage and ancillary shed is located on the property adjacent to Kenny Road 
to the south-east. 

The south eastern quadrant of the site is planted in citrus and large wind-break trees border the 
boundary. 

�6�&�2�3�(���2�)���:�2�5�. 

Our scope of work is presented in the short form agreement (SFA), reference 19290, dated 17 may 
2019. 
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�'�(�6�.�7�2�3���6�7�8�'�< 

�* �(�2�/�2�*�< 

The site subsoils are likely to comprise loose, unconsolidated estuarine, lagoon and swamp deposits 
of sand, silt and minor gravel that has been drained or reclaimed since 1850 (Hawkes bay 
Emergency Management Group portal). 

The HBEMP indicates no known faults cross the site (Hawkes Bay Emergency Management Group 
Portal). 

�/�,�4�8�(�)�$�&�7�,�2�1���6�8�6�&�(�3�7�,�%�,�/�,�7�< 

The online Hawkes Bay Emergency Management Group Portal (HBEMP) indicates the site is 
�O�R�F�D�W�H�G���Z�L�W�K�L�Q���D���]�R�Q�H���R�I���³H�L�J�K���/�L�T�X�H�I�D�F�W�L�R�Q���Y�X�O�Q�H�U�D�E�L�O�L�W�\�´�� 

�+�,�6�7�2�5�,�&�$�/���,�0�$�*�(�5�< 

Historical Imagery reviewed from RetroLens.NZ database since 1948 indicates the site comprised a 
residential dwelling on the corner of Erickson Road and Kenny Road and the land has been used as 
farmland. No significant earthworks or earthwork modifications were evident in the photos. 

�)�/�2�2�'�,�1�* 

The HBEMG portal indicates the site is prone to flooding.  

Based on that dataset, the Flood extents are: 

�x Flood Return Period 50 (yr); 

�x Site Contours ~11m to 11.5m (From NCC Intramaps database; 

�x Flood Level 11.3m (datum msl �± 10m); 

�x Accuracy 0.2. 

�5�8�%�%�,�6�+���' �8�0�3�6 

Anecdotal evidence (discussion with neighbour) suggests there may be a small buried rubbish hole 
or holes across the site. Rubbish may include household waste, organic waste, and contaminants.  

�&�2�1�7�$�0�,�1�$�7�,�2�1 

Contamination assessment is explicitly excluded from this work.  We simply make the comment 
that the risk of contamination on this site does seem plausible. 
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�6�,�7�(���7�(�6�7�,�1�* 

RDCL undertook site testing on 21/5/2019and consisted of the following: 

�x Eight (8) Test Pit excavations; to 

- Between 3m and 3.4m below ground level (depth of excavator). 

�x Eight (8) DCP tests undertaken within the test pit excavation: to 

- 2.9m depth, terminated at target depth. 

�x Ten (10) CPT Tests to between: 

- 10.34m and 13.42m, terminated due to high qc (~20MPa). 

Test Pit Logs are in Appendix A with CPT test logs in Appendix B. 

�6�,�7�(���,�1�9�(�6�7�,�*�$�7�,�2�1���5�(�6�8�/�7�6 

�6�8�%�6�2�,�/���&�2�1�'�,�7�,�2�1�6 

The shallow subsoil conditions typically comprised, horizontally bedded unconsolidated alluvial 
deposits consistent with the published geology.  Typical sequence from testing is for: 

�x TOPSOIL (0.15m to 0.3m thick); Organic sandy SILT, dark brown moist with some rootlets; 
overlying 

�x SILT and f-m SAND (to 0.9m and 1.3m bgl): grey with orange mottling, loose, non to low-
plastic, moist, trace of rootlets; 

�x Silty CLAY or clayey SILT, trace of sand (to 1.4m and 2.1m bgl);:grey with orange mottling, 
wet, firm, moderate plasticity; 

�x F-m SAND (to 2.4m and 3.0m bgl), dark bluish grey, minor shells, wet, medium dense 

�x Silty CLAY to depth of excavations, some fine sand, bluish grey, wet, soft, moderate plasticity. 

Sensitive fine grained materials were encountered within 2m depth in CPT tests indicated weak or 
soft clay or organic materials. 

�* �5�2�8�1�'�:�$�7�(�5 

Groundwater seepage was encountered between 2.3m and 2.9m depth.  Groundwater is anticipated 
to fluctuate seasonally and could be anticipated to be encountered at shallow depths 
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�*�(�2�7�(�&�+�1�,�&�$�/���$�6�6�(�6�6�0�(�1�7 

�6�+�$�/�/�2�:���%�(�$�5�,�1�*���&�$�3�$�&�,�7�< 

DCP test results correlated to Ultimate Bearing Capacity (UBC) in accordance with M.J Stockwell 
(1977) indicate low bearing soils of: 

�x  >200kPa UBC; which are 

�x Likely to reduce in bearing capacity when wet (i.e. after rain). 

�/�,�4�8�(�)�$�&�7�,�2�1���$�6�6�(�6�6�0�(�1�7 

LIQUEFACTION POTENTIAL 

A liquefaction assessment was carried out on the results of the CPT investigation (Appendix B). 
The assessment indicates the site is at: 

�x Very High risk of liquefaction (LPI) during an Ultimate Limit State (ULS) design seismic 
event, and 

�x High Risk of liquefaction during  a Serviceability Limit State (SLS) with 

- Moderate to severe expression of liquefaction based on Liquefaction Severity Number 

(LSN). 

Liquefaction assessment outputs are attached as Appendix C. 

VERTICAL SETTLEMENT 

Vertical settlement assessment is anticipated to be: 

�x ~200mm to 300mm under ULS conditions; and 

�x ~220mm under SLS conditions. 

DIFFERENTIAL SETTLEMENT 

Differential settlement is anticipated to be: 

�x ~150mm during a ULS event  

LATERAL SPREAD 

Lateral spreading on the eastern boundary into the shallow drain should be considered. 

Any new excavations such as stormwater drainage trenches or the like, which would result in a free 
face into which lateral spread could develop, need to be carefully considered.   

Engineering works to protect against lateral spread in that case would most likely be required. 
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BASIS OF ASSESSMENT 

The liquefaction assessment for the site was carried out using CLiq, accepted industry software 
package, CPT data of current ground conditions and the following input parameters (NZS1170.5 
section 3.1.3 (Standards New Zealand, 2004)): 

�x Magnitude (M) = 7.5 (SLS & ULS); 

�x PGA = 0.44 g (ULS), based on: 

- Z = 0.38 (Napier); 

- C = 1.12 (Class D Soil), and 

- R = 1 (ULS). 

�x Groundwater level assumed 1.0 m deep based on TP investigation. 

The design earthquake was chosen on the basis of probability of recurrence. The probability is 

based on historical earthquakes. A 7.5 magnitude earthquake for an Importance Level 2 correlates 

with a 500 year return period (ULS). A 50 year design life was assigned. 

The liquefaction analysis method used was Moss et al (2006). 

SEISMIC SOIL CLASSIFICATION 

�7�K�H�� �V�L�W�H�� �L�V�� �F�O�D�V�V�L�I�L�H�G�� �D�V�� �V�L�W�H�� �V�X�E�V�R�L�O�� �³�&�O�D�V�V�� �'���± Deep or Sof�W�� �6�R�L�O�� �6�L�W�H�´�� �L�Q�� �D�F�F�R�U�G�D�Q�F�H�� �Z�L�W�K��
NZS1170.5:2004, part 5: Earthquake Actions �± New Zealand. 

The site subsoil class was assessed based on review of borehole lithology in them surrounding area 
�L�Q���+�D�Z�N�H�¶�V���%�D�\��Regional Council (HBRC) Well Database. 
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�*�(�2�7�(�&�+�1�,�&�$�/���&�2�1�6�,�'�(�5�$�7�,�2�1�6 

�* �5�2�8�1�'���&�2�1�'�,�7�,�2�1�6 

Ground conditions comprise loose, unconsolidated silts and sands of weak bearing and susceptible 
to liquefaction. Naturally occurring organic materials (peat, buried organics) may be encountered at 
shallow depth within 1m of ground level. 

Relic root bowls may be encountered where old shelter belts once stood. These may be susceptible 
to low bearing and long term settlement. 

�)�/ �2�2�'���/�(�9�(�/ ���(�$�5�7�+�:�2�5�.�6 

Ground levels are anticipated to be required to be increased above the existing flood levels (+0.2m) 
plus freeboard. Fill materials o0n site are unlikely to be suitable for structural fill in the natural 
state.  Fill will most likely need to be imported, or site materials stabilised with cement. 

Site testing of source material will be required to understand the classification and compaction 
criteria.  |All fill work would need to be under direction and approval of a chartered geotechnical 
engineer. 

�$�1�7�,�&�,�3�$�7�(�'���)�2�8�1�'�$�7�,�2�1�6 

Conditions do not meet the requirements of NZS3604:2011 due to liquefaction and low bearing 
capacity.  Specific design will be required for all foundations. 

Liquefaction criteria determine that foundations will require: 

�x TC3 Type in accordance with MBIE Part C Technical Guidance, version 3a, dated April 2015. 

Practically, in Hawkes Bay, this means a 1.2m deep undercut with reinforced (geogrid + geofabric), 
gravel raft fill.  

�5�2�$�'���6�8�5�)�$�&�,�1�* 

Insitu subgrade comprises weak, alluvial soils with low subgrade strengths (CBR of <3%). Ground 
improvement may be required to achieve suitable subgrade capacity. 

Earthworks to treat flood level may incorporate engineered fill to improve road subgrade CBR and 
may require lime cement modification. 

�%�8�5�,�(�'���5�8�%�%�,�6�+���$�1�'���7�5�(�(���+�2�/�(�6 

There may be a risk that buried rubbish and tree holes may be exposed during topsoil stripping. If 
encountered these will need to be excavated to the full depth and reinstated with engineered fill. 
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�/�,�0�,�7�$�7�,�2�1�6 

�x This letter has been prepared for the particular purpose outlined in the project brief and no 
responsibility is accepted for the use of any part in other contexts or for any other purpose. 

�x Ground conditions assessed in this letter are inferred from published sources, site inspection 
and the investigations described. Variations from the interpreted conditions may occur, and 
special conditions relating to the site may not have been revealed by this investigation, and 
which are therefore not taken into account. No warranty is included either expressed or implied 
that the actual conditions will conform to the interpretation contained in this letter. 

�x No responsibility is accepted by Resource Development Consultants Ltd for inaccuracies in 
data supplied by others. Where data has been supplied by others, it has been assumed that this 
information is correct. 

�x Groundwater conditions can vary with season or due to other events. Any comments on 
groundwater conditions are based on observations at the time. 

�x This letter is provided for sole use by the client and Napier City Council and is confidential to 
the client and their professional advisors. No responsibility whatsoever for the contents of this 
letter shall be accepted for any person other than the client. 

We trust this meets your current needs. Should you wish to discuss any aspect of the contents of 
this document please contact me the undersigned on 06 877 1652. 

 

Sincerely, 

Prepared by:      Approved by: 

     

___________________     __________________ 
T Bunny      CA Wylie 

BSc Geol; PGDip Eng Geol    MSc, MIPENZ; CPEng 

Snr Engineering Geologist     Principal 
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