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GEOTECHNICAL ASSESSMENT 
PROPOSED PLAN CHANGE 

RANGITIKEI LINE AND FLYGERS LINE, PALMERSTON NORTH 

 Introduction 

Riley Consultants Ltd (RILEY) has prepared the following report at the request of Resonant 
Consulting Limited (RCL) on behalf of Flygers Line Investment Group Limited.  This 
geotechnical assessment has been prepared as part of an overall submission to 
Palmerston North City Council (PNCC) to rezone the existing rural site as residential land. 
 
Our brief has not included potential flooding hazards.  A ground contamination investigation 
has also been carried out on this site as part of the proposed plan change submission 
(RILEY Ref:170672-B, dated 13 February 2019). 

 Scope of Work 

The scope of work has included the following main elements: 
 

• Desktop review of historical aerial photographs, data available from the New Zealand 
Geotechnical Database (NZGD), and the GNS report for Palmerston North1. 

• Subsurface geotechnical investigations including 12 cone penetrometer tests (CPT), 
three machine boreholes, and three standpipe piezometers.  Shallow hand auger 
boreholes, drilled as part of the ground contamination investigation, also give additional 
information. 

• Laboratory testing of selected samples recovered from the machine boreholes to assist 
interpretation. 

• Assess the extent of liquefaction susceptibility and associated risks to the proposed 
residential land. 

• Comment on options for mitigation measures where required for future development. 

• Assess any other geotechnical hazards that may have an impact on residential 
development. 

 Site Description 

The site proposed for re-zoning, legally described as Lots 1 and 2 DP 389924, is located 
beyond the present northern urban limit of Palmerston North and is bordered by Flygers Line, 
Rangitikei Line, residential housing to the south-east, and rural farmland to the south-west.  
Aerial photography and LiDAR data show that the site is relatively flat with a stream running 
north to south through the middle of the site.  The site is currently used as farmland and 
cropping. 

                                                
1 Assessment of liquefaction and related ground failure hazards in Palmerston North, New Zealand.  GNS Science Consultancy 
Report 2011/108 July 2011. 
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 Geology 

From a review of the 1:250,000 Geological Map, together with our experience of the 
surrounding area, we infer that the site is underlain by Holocene river deposits comprising 
gravel, sand, silt, mud, and clay with local peat.  A review of the New Zealand Geotechnical 
Database (NZGD) yielded no investigations within the site itself, but a few deep wells just 
outside the site boundaries are shown in the GNS report. 

 Geotechnical Investigations 

To assess the subsurface conditions, 12 CPTs were carried out on 29 June 2018 to a 
maximum depth of 6.5m where practical refusal was reached in all tests.  A tractor rig supplied 
and operated by Geotech Drilling Limited (Geotech Drilling) was used to push the CPTs. 
 
Initial analyses of the shallow CPTs indicated moderate liquefaction potential, therefore, a 
further three machine holes (MH1 to MH3) were drilled on 16 January 2019 to depths of 10m to 
15m where the target depth was reached.  Material recovered from the boreholes were logged 
in accordance with the NZGS Guideline for the Field Classification and Description of Soil and 
Rock for Engineering Purposes.  In-situ standard penetrometer testing (SPT) was carried out at 
1.5m intervals.  Standpipe piezometers were installed in each machine hole targeting depths 
between 6m and 15m.  A sonic rig supplied and operated by Geotech Drilling was used to drill 
the machine holes. 
 
14 hand auger boreholes were drilled to a maximum depth of 1m as part of the ground 
contamination investigation and are summarised in the Preliminary and Detailed Site 
Investigation Contaminated Land report (RILEY Ref:170672-B, dated 13 February 2019). 
 
The machine hole, CPT, and hand auger borehole locations are shown on RILEY 
Dwg: 170672-1, attached, and machine hole, hand auger, and CPT logs are included within 
Appendix A. 

 Laboratory Testing 

Laboratory testing was undertaken by Opus Laboratory on a sample selected from MH3.  
Atterburg Limit tests were carried out to provide a comparison to soil type from descriptions and 
inferred from CPT tests.  Further testing was not considered necessary because the soil types 
from CPT and machine hole logs were consistent. 
 
Results of the Atterburg Limit test gives a liquid limit of 69 and a plasticity Index of 42, which 
plots on the Casagrande Plasticity Chart as a highly plastic, inorganic, non-dilatant clay (CH).  
This soil can, therefore, be classified as non-liquefiable.  Laboratory test results are presented 
within Appendix B. 

 Results of Subsurface Investigation 

Subsoil conditions typically comprise firm sandy and clayey silts and sands from the surface 
to approximately 5m below ground level (bgl) to 7m bgl, where very dense gravels were 
encountered and on which the CPTs terminated.  The machine boreholes below this depth 
largely encountered gravels with lenses of stiff clayey silt and very dense sandy gravel in 
places. 
 
Subsoil conditions encountered at the test locations are summarised below and detailed 
descriptions of the soils encountered during drilling are given on the appended logs. 
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Table 1: Geological Model 

 
The ground conditions encountered during the investigation are broadly consistent with 
published local geological maps.  Groundwater was encountered between 3.0m and 4.2m bgl 
in the machine boreholes during January, and groundwater was measured after each CPT in 
June between 0.9m and 1.9m bgl.  The shallow hand auger boreholes also encountered 
groundwater between 0.8m and 0.9m bgl. 

 Geotechnical Considerations 

8.1 Depth to Groundwater 

Groundwater was measured between 3.0m bgl and 4.2m bgl in the machine holes during 
January 2019 and between 0.8m and 1.9m bgl following each CPT and hand auger borehole 
carried out in June 2018.  Groundwater levels are likely to vary seasonally and following rainfall 
events.  A groundwater level of 4m bgl was mapped in the GNS report for Palmerston North. 

8.2 Liquefaction Potential 

8.2.1 Seismic Site Classification 

The seismic loading induced on a structure will depend on, amongst other factors, the stiffness 
of the underlying soil/rock where the structure is located.  Sites with low strength deep soils can 
amplify ground accelerations, requiring the structures built on them to resist a higher seismic 
coefficient.  The New Zealand Structural Design code, NZS 1170.5:2004: Earthquake Actions, 
contains response spectra for structural design.  Sites are categorised into five classes, 
Classes A to E.  The site classes range from rock sites, Class A and B, to very soft or deep soil 
sites, Class E.  These categories are used in structural design analysis. 
 

Layer 
no. 

Geological 
Unit Description 

Depth to 
top of 

layer (m) 

Layer 
thickness 

(m) 

Typical 
SPT ‘N’ 
value 

Typical 
CPT tip 

resistance 
qc (MPa) 

1 Topsoil Brown, trace fine 
rootlets. 0 0.15 to 

0.2 N/A  

2 
Holocene 

River 
Deposits 

Silt/sandy silt; dark 
grey.  Firm, wet to 

saturated, moderately 
plastic. 

0.15 to 
0.2 

4.3 to 
4.35 18, 6, 3, 4 1 to 12 

3 
Holocene 

River 
Deposits 

Silt/clayey silt; light 
bluish grey.  Very soft, 
saturated, moderately 

plastic. 

4.5 0.8 to 1.4 0, 1 0 to 2  

4 
Holocene 

River 
Deposits 

Fine to medium gravel 
and fine to coarse 

sand; dark grey.  Very 
dense, rounded, well 

graded. 

5.3 to 5.9 4.1 to 6.0 50+ 
10 to 35, 

20+, 10 to 
30 

5 
Holocene 

River 
Deposits 

Clayey silt/silt; grey.  
Stiff, slightly to 

moderately plastic. 

9.4 to 
11.9 1.6 to 2.1 15, 10, 15  

6 
Holocene 

River 
Deposits 

Silty sandy gravel; 
grey.  Very dense, 

rounded. 
11+ to 14 1.35+ 50+  
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A review of the machine hole logs and CPT data indicates that depths of firm to stiff sandy 
silts and very dense gravels encountered in the machine holes and CPTs did not exceed the 
maximum depth limits for site subsoil Class C (refer Table 3.2 in NZS 1170.5:2004), however, 
refusal in gravels does not discount the possibility of the site being classed as subsoil Class D.  
Therefore, the site is conservatively identified as category Class D (deep soil sites) for the 
purposes of our liquefaction assessment. 

8.2.2 Methodology 

Liquefaction can occur in saturated loose to medium dense cohesionless deposits (silts and 
sands) in moderate to severe ground shaking.  Geologically, recent materials or very weak 
man-made fills are the most susceptible soils.  Effects on structures and subdivision infrastructure 
such as roads and services include; lateral spreading, settlement, loss of support, and other 
effects such as flotation.  The steps in the liquefaction assessment are as follows: 
 

• Review the range of soils encountered for susceptibility on a qualitative basis. 

• Analytical assessment of the CPT data using GeoLogismiki v.2.1.6.7. 

• The methods are based on the latest methodology from the NZGS and Ministry of 
Business, Innovation and Employment (MBIE) Guidelines, developed after the 
Canterbury earthquake sequence, with the most up to date guidance published in 
2016. 

• The CPT is generally regarded within the industry as the most reliable method of 
testing potential liquefiable materials.  The ground motion parameters are based on 
the following: 

o 500-year return period shaking for Ultimate Limit State (ULS). 
o Class D (deep soil). 
o Magnitude 6.9 earthquake (ULS), 6.1 Servicability Limit State (SLS). 

• For the purposes of the liquefaction analyses presented in this report, a depth to 
groundwater of 1.0m bgl has been used. 

 
The resulting peak ground acceleration for liquefaction analysis is 0.34g for ULS, and 0.09g 
for SLS using the latest MBIE guidance (2016), MBIE Module 1: Method 1, New Zealand 
Transport Agency Bridge Manual Addendum 6A. 

8.2.3 Results 

A qualitative assessment of each individual CPT investigation point has been made in terms of 
liquefaction susceptibility.  Potentially liquefiable materials were identified within the upper 6.0m 
of the soil profile, comprising discrete layers of loose to medium dense sandy silt, or silty sand.  
The dense to very dense gravels encountered below 6m depth are not likely to liquefy.  Table 2 
shows the assessed thickness of any potentially liquefiable zones (i.e. saturated loose to medium 
dense materials) at each investigation location within alluvium and the corresponding settlement 
(for the SLS case of 0.09g and ULS case of 0.34g).  Results from the liquefaction assessment 
are attached in Appendix C. 
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Table 2:  Results of Liquefaction Assessment for ULS and SLS Event 

 
The assessed liquefied soils are within the upper Holocene River Deposits, typically described 
as loose to medium dense sandy silt, or silty sand.  Overall, the thickness of liquefied soils for 
the SLS event is negligible, and several metres for the ULS event.  Associated settlements 
are less than 15mm for the SLS event and less than 100mm (with one exception) for the ULS 
design seismic event.  Liquefaction induced settlements in the order of 20mm to 100mm 
should be anticipated under the ULS event. 
 
The liquefaction severity number (LSN) is a parameter based on investigation data, and 
considers the potential for liquefaction and the depth at which liquefaction occurs.  This 
parameter has been correlated with evidence of surface ground damage in Christchurch.  The 
LSN calculated for this site is typically between 20 and 30 (up to 45 in CPT2) and generally 
indicates moderate expression of liquefaction, sand boils, and minor damage to ground 
surface as well as minor differential settlement of structures. 
 
The GNS Report for Palmerston North describes the low-lying materials of Holocene age, 
particularly saturated loose sands and silts, to be most likely to liquefy.  The geological map 
categorises the site in the moderate to high liquefaction category for ground damage potential, 
however, it is noted that further subsurface information and assessment is required to 
determine material thicknesses and groundwater levels. 
 
Based on the geotechnical investigation and the assessment undertaken for this site, in 
accordance with MBIE guidance, the site has a predicted future land performance consistent 
with TC2.  We note that the MBIE guidance is for residential sites in Christchurch, however in 
the absence of any other available guidance, the MBIE guidelines are considered a suitable 
approach for this assessment. 
 

CPT 
Location 

CPT 
Depth 

(m) 
Depth Interval of Potentially 

Liquefiable Soils (m) 
SLS Vertical 
Settlement 

(mm) 

ULS Vertical 
Settlement 

(mm) 
Technical 
Category 

1 4.8 1.0 to 1.1, 1.7 to 1.9, 2.1 to 
3.4, and 3.7 to 4.5 2.5 94 TC2 

2 6.1 1.0 to 2.4, 2.5 to 3.6, 3.7 to 
4.3, and 4.8 to 5.7 1.5 119 TC2/3 

3 5.7 1.3 to 1.5, 2.6 to 3.8, 4.2 to 
4.6, and 5.5 to 5.6 2.5 80 TC2 

4 4.1 1.0 to 2.2 and 2.6 to 2.9 0 39 TC2 

5 5.6 1.0 to 1.2, 2.0 to 2.2, 2.6 to 
3.2, 3.4 to 4.4, and 4.7 to 5.1 2.5 85 TC2 

6 5.6 1.0 to 1.7, 2.0 to 2.2, 3.3 to 
4.9, and 5.2 to 5.5 4 79 TC2 

7 6 1.5 to 2.0, 4.2 to 4.9, and 5.2 
to 6.0 2.5 71 TC2 

8 5.3 3.4 to 3.7 and 4.0 to 4.4 0 24 TC2 

9 5.7 2.2 to 3.7, 4.0 to 4.6, and 5.1 
to 5.6 1.5 84 TC2 

10 6.5 2.0 to 3.1, 4.5 to 5.2, and 5.7 
to 6.5 2.5 92 TC2 

11 5.7 1.0 to 1.5, 2.6 to 2.7, 3.2 to 
3.3, 3.6 to 5.0, and 5.5 to 5.6 1 69 TC2 

12 1.9 1.0 to 1.6 and 1.7 to 1.8 0 17 TC1 
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Liquefaction presents a hazard to urban infrastructure in addition to dwellings (i.e. roads, 
buried services etc).  This should be taken into account in infrastructure development. 

8.3 Lateral Spreading 

Lateral spreading may occur if a continuous horizon of liquefied soil is present.  Free-face 
lateral spreading conditions may occur when liquefiable layers are continuous to a stream 
bank.  The nearest free-face is adjacent to any of the streams or drainage ditches running 
through or close to the site.  The main stream has an estimated free-face height of 2.5m 
located in the south-west area of the site and drainage ditches also just beyond the northern 
boundary (alongside Flyers Line) and in the centre of the site running approximately east to 
west.  For conventional residential dwellings and land to be categorised as TC2 land for 
residential dwellings, up to 100mm of lateral stretch under the ULS event is considered 
acceptable and 50mm in the SLS event. 
 
Empirical methods used to evaluate lateral spreading displacements for this site produced 
highly varying results with corresponding required setback distances exceeding 100m.  As a 
comparison, MBIE have recommended various fallback setback distances from a free-face for 
TC3 sites in Christchurch (minor to moderate movement of less than 300mm).  These 
distances range from 50m for typical watercourses to 100m to 200m for the Avon and 
Heathcote rivers.  Given that the soil conditions at this site are in the TC2 category compared 
to the much more severe TC3 category, significantly less deformation would be expected, but 
this is balanced by the TC2 deformation limit of 100mm.  Based on this approach, a setback 
distance in the order of 50m could be justified, but dwellings would need to be designed to a 
higher foundation standard of TC3.  We note, however, such an approach may not be 
desirable for a new development.  The options to mitigate the hazard include the following: 
 

1. Ground improvement, which may be costly on a large-scale (allowing for a TC2 type 
foundation). 

2. Utilise TC2 type foundations with appropriate setback i.e. without ground improvement 
(the setback distance requires refinement but could be considerable). 

3. Utilise TC3 type foundations with a lesser setback than Option 2. 
 
It should be noted that negligible liquefaction is predicted in the SLS event and the lateral 
spreading risk is correspondingly low.  Also, there is a wide variability in seasonal groundwater 
levels, which also influences the lateral spreading risk.  We recommend that further 
investigations surrounding stream banks and other free-faces are carried out to gain a more 
accurate prediction of lateral spreading displacements for this site and further develop options 
to mitigate the hazard. 

 Other Geotechnical Constraints 

Land across the site is generally flat, therefore, the risk of slope instability is considered to be 
negligible. 
 
Previously infilled streams will need to be investigated further to define the extent and nature 
of the material used for infilling.  There may be a risk of settlement due to historic filling in 
these areas depending on the material used for infilling.  The scale of these features is small 
relative to the size of the site and potentially only localised to these areas.  It has been noted 
that none of the shallow hand augers encountered any obvious fill material. 
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 Conclusions 

From the site investigation, subsoil conditions comprise Holocene river deposits described as 
firm sandy and clayey silts and sands from the surface to approximately 5m bgl to 7m bgl, 
where very dense gravels were encountered. 
 
An assessment of the site and subsoil conditions was carried out to determine the 
geotechnical risks present.  These risks include liquefaction, lateral spreading, and slope 
instability.  Since the site is generally flat, the risk of slope instability is considered to be 
negligible.  However, the site is susceptible to liquefaction induced settlements and lateral 
spreading during future earthquake events. 
 
Our liquefaction assessment predicts the upper loose river deposits to have negligible risk of 
liquefaction following an SLS event and 20mm to 100mm of liquefaction induced settlement 
under the ULS event.  This corresponds to a predicted future land performance consistent 
with TC2 and generally indicates moderate expression of liquefaction, sand boils, and minor 
damage to ground surface as well as minor differential settlement of structures.  Foundations 
for new buildings in these areas are likely to be TC2 type foundations. 
 
The risk of lateral spreading following an SLS event is considered to be negligible, however, 
under a ULS event the amount of lateral displacement varies significantly.  Additional 
geotechnical investigations and assessments, tailored to the specific development, are 
recommended surrounding stream banks and other free-faces to gain a more accurate 
prediction of lateral spreading displacements for this site and further develop options to 
mitigate the hazard.  In any event, we expect that with appropriate mitigation measures the 
site should be suitable for residential development from a geotechnical perspective, subject to 
the recommendations outlined in this report. 

 Limitation 

This report has been prepared solely for the benefit of Flygers Line Investment Group Ltd as 
our client with respect to the brief and Palmerston North City Council in processing the plan 
change.  The reliance by other parties on the information or opinions contained in the report 
shall, without our prior review and agreement in writing, be at such parties’ sole risk. 
 
Recommendations and opinions in this report are based on data from limited test positions.  
The nature and continuity of subsoil conditions away from the test positions are inferred, and 
it must be appreciated that actual conditions could vary considerably from the assumed model. 
 
During excavation and construction, the site should be examined by an engineer or 
engineering geologist competent to judge whether the exposed subsoils are compatible with 
the inferred conditions on which the report has been based.  It is possible that the nature of 
the exposed subsoils may require further investigation and the modification of the design 
based upon this report. 
 
Riley Consultants Ltd would be pleased to provide this service to Flygers Line Investment 
Group Ltd and believes the project would benefit from such continuity.  In any event, it is 
essential Riley Consultants Ltd is contacted if there is any variation in subsoil conditions from 
those described in the report as it may affect the design parameters recommended in the 
report. 
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Investigation Logs 
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Classification by
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Clay (3)
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Classification by
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Clay (3)

Sandy silt to clayey silt (6)

Clayey silt to silty clay (5)

Silty sand to sandy silt (7)

Sandy silt to clayey silt (6)

Silty sand to sandy silt (7)

Sand to silty sand (8)

Clayey silt to silty clay (5)

Sandy silt to clayey silt (6)
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Classification by
Robertson 1986

Sandy silt to clayey silt (6)

Clay (3)

Silty sand to sandy silt (7)

Sandy silt to clayey silt (6)

Clayey silt to silty clay (5)

Sand to silty sand (8)

Silty clay to clay (4)

Sand (9)

Sandy silt to clayey silt (6)

Sensitive fine grained (1)

Sandy silt to clayey silt (6)

Sand to silty sand (8)

Sand (9)

REFUSAL FROM HIGH QC
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Classification by
Robertson 1990

Gravely sand to sand (7)

Very stiff sand to clayey sand (8)

Very stiff fine grained (9)

Sand mixtures; silty sand to sandy silt (5)

Sands; clean sand to silty sand (6)

Sand mixtures; silty sand to sandy silt (5)

Sands; clean sand to silty sand (6)

Silt mixtures; clayey silt to silty clay (4)

Sand mixtures; silty sand to sandy silt (5)

Sands; clean sand to silty sand (6)

REFUSAL FROM HIGH QC



0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

qc [MPa]

0

0.8

1.6

2.4

3.2

4.0

4.8

5.6

6.4

7.2

8.0

D
ep

th
: 

[m
]

1.14

Test No.:
CPT02

Project ID: Client:
RILEYS

Project:
FLYGERS LINE

                                              S 40.33923, E 175.58549

Position:
X: 0.00 m, Y: 0.00 m

Location:
FLYGERS LINE, PALMERSTON NORTH

Ground level:
0.00

Date:
28/06/2018

Scale:
1 : 35

Page:
1/1

Fig.:

File:
CPT02.cpt

u2

Sleeve area [cm2]: 150

Tip area [cm2]: 10

Cone No: 4870

Classification by
Robertson 1990

Gravely sand to sand (7)

Very stiff sand to clayey sand (8)

Very stiff fine grained (9)

Sand mixtures; silty sand to sandy silt (5)

Sands; clean sand to silty sand (6)

Sand mixtures; silty sand to sandy silt (5)

Sands; clean sand to silty sand (6)

Silt mixtures; clayey silt to silty clay (4)

Sand mixtures; silty sand to sandy silt (5)

Sands; clean sand to silty sand (6)

REFUSAL FROM HIGH QC
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Classification by
Robertson 1986

Sandy silt to clayey silt (6)

Clay (3)

Silty sand to sandy silt (7)

Sandy silt to clayey silt (6)

Clayey silt to silty clay (5)

Sand to silty sand (8)

Silty clay to clay (4)

Sand (9)

Sandy silt to clayey silt (6)

Sensitive fine grained (1)

Sandy silt to clayey silt (6)

Sand to silty sand (8)

Sand (9)

REFUSAL FROM HIGH QC
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Classification by
Robertson 1986

Sandy silt to clayey silt (6)

Clay (3)

Silty sand to sandy silt (7)

Sandy silt to clayey silt (6)

Clayey silt to silty clay (5)

Sand to silty sand (8)

Silty clay to clay (4)

Sand (9)

Sandy silt to clayey silt (6)

Sensitive fine grained (1)

Sandy silt to clayey silt (6)

Sand to silty sand (8)

Sand (9)

REFUSAL FROM HIGH QC
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Classification by
Robertson 1986

Sandy silt to clayey silt (6)

Clay (3)

Silty clay to clay (4)

Silty sand to sandy silt (7)

Sensitive fine grained (1)

Silty sand to sandy silt (7)

Sand to silty sand (8)

Sandy silt to clayey silt (6)

Sand to silty sand (8)

Sand (9)

Sandy silt to clayey silt (6)

Clayey silt to silty clay (5)

Sensitive fine grained (1)

Clayey silt to silty clay (5)

Sandy silt to clayey silt (6)

REFUSAL FROM HIGH QC
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Classification by
Robertson 1990

Gravely sand to sand (7)

Very stiff sand to clayey sand (8)

Very stiff fine grained (9)

Silt mixtures; clayey silt to silty clay (4)

Clays; clay to silty clay (3)

Sand mixtures; silty sand to sandy silt (5)

Silt mixtures; clayey silt to silty clay (4)

Sands; clean sand to silty sand (6)

Sand mixtures; silty sand to sandy silt (5)

Sands; clean sand to silty sand (6)

Sand mixtures; silty sand to sandy silt (5)

Silt mixtures; clayey silt to silty clay (4)

Sand mixtures; silty sand to sandy silt (5)

REFUSAL FROM HIGH QC
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Classification by
Robertson 1990

Gravely sand to sand (7)

Very stiff sand to clayey sand (8)

Very stiff fine grained (9)

Silt mixtures; clayey silt to silty clay (4)

Clays; clay to silty clay (3)

Sand mixtures; silty sand to sandy silt (5)

Silt mixtures; clayey silt to silty clay (4)

Sands; clean sand to silty sand (6)

Sand mixtures; silty sand to sandy silt (5)

Sands; clean sand to silty sand (6)

Sand mixtures; silty sand to sandy silt (5)

Silt mixtures; clayey silt to silty clay (4)

Sand mixtures; silty sand to sandy silt (5)

REFUSAL FROM HIGH QC
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Classification by
Robertson 1986

Sandy silt to clayey silt (6)

Clay (3)

Silty clay to clay (4)

Sensitive fine grained (1)

Silty sand to sandy silt (7)

Sand to silty sand (8)

Sandy silt to clayey silt (6)

Sand to silty sand (8)

Sand (9)

Sandy silt to clayey silt (6)

Clayey silt to silty clay (5)

Sensitive fine grained (1)

Clayey silt to silty clay (5)

Sandy silt to clayey silt (6)

REFUSAL FROM HIGH QC
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Classification by
Robertson 1986

Sandy silt to clayey silt (6)

Clay (3)

Silty clay to clay (4)

Sensitive fine grained (1)

Silty sand to sandy silt (7)

Sand to silty sand (8)

Sandy silt to clayey silt (6)

Sand to silty sand (8)

Sand (9)

Sandy silt to clayey silt (6)

Clayey silt to silty clay (5)

Sensitive fine grained (1)

Clayey silt to silty clay (5)

Sandy silt to clayey silt (6)

REFUSAL FROM HIGH QC
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Classification by
Robertson 1986

Sensitive fine grained (1)

Silty clay to clay (4)

Clay (3)

Sandy silt to clayey silt (6)

Clayey silt to silty clay (5)

Sand (9)

Sand to silty sand (8)

Sand (9)

ANCHOR FAILURE - FIRM QC
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Classification by
Robertson 1990

Gravely sand to sand (7)

Very stiff sand to clayey sand (8)

Very stiff fine grained (9)

Sands; clean sand to silty sand (6)

Sand mixtures; silty sand to sandy silt (5)

Sands; clean sand to silty sand (6)

Gravely sand to sand (7)

ANCHOR FAILURE - FIRM QC
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Classification by
Robertson 1990

Gravely sand to sand (7)

Very stiff sand to clayey sand (8)

Very stiff fine grained (9)

Sands; clean sand to silty sand (6)

Sand mixtures; silty sand to sandy silt (5)

Sands; clean sand to silty sand (6)

Gravely sand to sand (7)

ANCHOR FAILURE - FIRM QC
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Classification by
Robertson 1986

Sensitive fine grained (1)

Silty clay to clay (4)

Clay (3)

Sandy silt to clayey silt (6)

Sand to silty sand (8)

Sandy silt to clayey silt (6)

Sand (9)

Sand to silty sand (8)

Sand (9)

ANCHOR FAILURE - FIRM QC
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Classification by
Robertson 1986

Sensitive fine grained (1)

Silty clay to clay (4)

Clay (3)

Sandy silt to clayey silt (6)

Sand to silty sand (8)

Sandy silt to clayey silt (6)

Sand (9)

Sand to silty sand (8)

Sand (9)

ANCHOR FAILURE - FIRM QC
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Classification by
Robertson 1986

Sensitive fine grained (1)

Clayey silt to silty clay (5)

Clay (3)

Sandy silt to clayey silt (6)

Clayey silt to silty clay (5)

Sensitive fine grained (1)

Clayey silt to silty clay (5)

Sand to silty sand (8)

Clayey silt to silty clay (5)

Sand to silty sand (8)

Clay (3)

Sandy silt to clayey silt (6)

Sand (9)

REFUSAL FROM HIGH QC

NO WATER LEVEL - HOLE COLLAPSED
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Classification by
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Clay (3)

Silty clay to clay (4)

Clay (3)
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ANCHOR FAILURE DUE TO FIRM QC
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Classification by
Robertson 1986

Sandy silt to clayey silt (6)

Clay (3)

Silty clay to clay (4)

Silty sand to sandy silt (7)

Sand to silty sand (8)

Silty sand to sandy silt (7)

Sand to silty sand (8)

Sand (9)
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Sandy silt to clayey silt (6)

REFUSAL FROM HIGH QC

NO WATER LEVEL - COLLAPSED HOLE
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Classification by
Robertson 1990

Gravely sand to sand (7)

Very stiff sand to clayey sand (8)

Very stiff fine grained (9)

Silt mixtures; clayey silt to silty clay (4)

Sand mixtures; silty sand to sandy silt (5)

Sands; clean sand to silty sand (6)

Sand mixtures; silty sand to sandy silt (5)

Sands; clean sand to silty sand (6)

Sand mixtures; silty sand to sandy silt (5)

Silt mixtures; clayey silt to silty clay (4)

Sands; clean sand to silty sand (6)

REFUSAL FROM HIGH QC

NO WATER LEVEL - COLLAPSED HOLE
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Classification by
Robertson 1990

Gravely sand to sand (7)

Very stiff sand to clayey sand (8)

Very stiff fine grained (9)

Silt mixtures; clayey silt to silty clay (4)

Sand mixtures; silty sand to sandy silt (5)

Sands; clean sand to silty sand (6)

Sand mixtures; silty sand to sandy silt (5)

Sands; clean sand to silty sand (6)

Sand mixtures; silty sand to sandy silt (5)

Silt mixtures; clayey silt to silty clay (4)

Sands; clean sand to silty sand (6)

REFUSAL FROM HIGH QC

NO WATER LEVEL - COLLAPSED HOLE
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Classification by
Robertson 1986

Sandy silt to clayey silt (6)

Clay (3)

Silty clay to clay (4)

Silty sand to sandy silt (7)

Sand to silty sand (8)

Silty sand to sandy silt (7)

Sand to silty sand (8)

Sand (9)

Silty sand to sandy silt (7)

Clayey silt to silty clay (5)

Sandy silt to clayey silt (6)

REFUSAL FROM HIGH QC

NO WATER LEVEL - COLLAPSED HOLE
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Classification by
Robertson 1986

Sandy silt to clayey silt (6)

Clay (3)

Silty clay to clay (4)

Silty sand to sandy silt (7)

Sand to silty sand (8)

Silty sand to sandy silt (7)

Sand to silty sand (8)

Sand (9)

Silty sand to sandy silt (7)

Clayey silt to silty clay (5)

Sandy silt to clayey silt (6)

REFUSAL FROM HIGH QC

NO WATER LEVEL - COLLAPSED HOLE
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Classification by
Robertson 1986

Sandy silt to clayey silt (6)

Clay (3)

Silty clay to clay (4)

Sandy silt to clayey silt (6)

Silty sand to sandy silt (7)

Sandy silt to clayey silt (6)

Sand (9)

Sandy silt to clayey silt (6)

Silty clay to clay (4)

Clayey silt to silty clay (5)

Sandy silt to clayey silt (6)

REFUSAL FROM HIGH QC

NO WATER LEVEL - HOLE COLLAPSED
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Classification by
Robertson 1990

Gravely sand to sand (7)

Very stiff fine grained (9)

Silt mixtures; clayey silt to silty clay (4)

Clays; clay to silty clay (3)

Silt mixtures; clayey silt to silty clay (4)

Sand mixtures; silty sand to sandy silt (5)

Sands; clean sand to silty sand (6)

Silt mixtures; clayey silt to silty clay (4)

Clays; clay to silty clay (3)

Silt mixtures; clayey silt to silty clay (4)

REFUSAL FROM HIGH QC

NO WATER LEVEL - HOLE COLLAPSED
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Classification by
Robertson 1990

Gravely sand to sand (7)

Very stiff fine grained (9)

Silt mixtures; clayey silt to silty clay (4)

Clays; clay to silty clay (3)

Silt mixtures; clayey silt to silty clay (4)

Sand mixtures; silty sand to sandy silt (5)

Sands; clean sand to silty sand (6)

Silt mixtures; clayey silt to silty clay (4)

Clays; clay to silty clay (3)

Silt mixtures; clayey silt to silty clay (4)

REFUSAL FROM HIGH QC

NO WATER LEVEL - HOLE COLLAPSED
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Classification by
Robertson 1986

Sandy silt to clayey silt (6)

Clay (3)

Sandy silt to clayey silt (6)

Silty sand to sandy silt (7)

Sandy silt to clayey silt (6)

Sand (9)

Sandy silt to clayey silt (6)

Clayey silt to silty clay (5)
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REFUSAL FROM HIGH QC
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Classification by
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Sandy silt to clayey silt (6)

Clay (3)

Sandy silt to clayey silt (6)

Silty sand to sandy silt (7)

Sandy silt to clayey silt (6)

Sand (9)
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REFUSAL FROM HIGH QC
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Classification by
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Sensitive fine grained (1)

Clayey silt to silty clay (5)

Clay (3)

Silty sand to sandy silt (7)

Sand to silty sand (8)

Clay (3)

Sensitive fine grained (1)

Clay (3)

Sensitive fine grained (1)

Sand to silty sand (8)

Sensitive fine grained (1)

Clayey silt to silty clay (5)

Sand (9)

Sand to silty sand (8)
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Sensitive fine grained (1)

REFUSAL FROM HIGH QC
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Classification by
Robertson 1990

Gravely sand to sand (7)

Very stiff sand to clayey sand (8)

Very stiff fine grained (9)

Sands; clean sand to silty sand (6)

Clays; clay to silty clay (3)

Silt mixtures; clayey silt to silty clay (4)

Sands; clean sand to silty sand (6)

Silt mixtures; clayey silt to silty clay (4)

Sands; clean sand to silty sand (6)

Clays; clay to silty clay (3)

Silt mixtures; clayey silt to silty clay (4)

Sands; clean sand to silty sand (6)

REFUSAL FROM HIGH QC
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Classification by
Robertson 1990

Gravely sand to sand (7)

Very stiff sand to clayey sand (8)

Very stiff fine grained (9)

Sands; clean sand to silty sand (6)

Clays; clay to silty clay (3)

Silt mixtures; clayey silt to silty clay (4)

Sands; clean sand to silty sand (6)

Silt mixtures; clayey silt to silty clay (4)

Sands; clean sand to silty sand (6)

Clays; clay to silty clay (3)

Silt mixtures; clayey silt to silty clay (4)

Sands; clean sand to silty sand (6)

REFUSAL FROM HIGH QC
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Classification by
Robertson 1986

Sensitive fine grained (1)

Clayey silt to silty clay (5)

Clay (3)

Silty sand to sandy silt (7)

Sand to silty sand (8)

Clay (3)

Sensitive fine grained (1)

Silty sand to sandy silt (7)

Clayey silt to silty clay (5)

Sand (9)
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Silty sand to sandy silt (7)

Sensitive fine grained (1)

REFUSAL FROM HIGH QC
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Classification by
Robertson 1986

Sensitive fine grained (1)

Clayey silt to silty clay (5)

Clay (3)

Silty sand to sandy silt (7)

Sand to silty sand (8)

Clay (3)

Sensitive fine grained (1)

Silty sand to sandy silt (7)

Clayey silt to silty clay (5)

Sand (9)

Sand to silty sand (8)

Silty sand to sandy silt (7)

Sensitive fine grained (1)

REFUSAL FROM HIGH QC
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Classification by
Robertson 1986

Sensitive fine grained (1)

Clayey silt to silty clay (5)

Clay (3)

Silty sand to sandy silt (7)

Sand to silty sand (8)

REFUSAL FROM HIGH QC

WATER - HOLE WAS DRY AT END OF TEST
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TOPSOIL; Silt; grey; roots; NVO.
 

 
SILT, some clay; light grey and orange. Wet,
moderately plastic; NVO.
 

 
SILT, minor clay; light grey and orange mixed. Wet,
slightly plastic.
 

 
Silty SAND; grey. Saturated, non plastic; NVO.
 

 
EOH @ 1.00 m
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Slow Seep  (depth 0.9 m )

Rapid Inflow  (depth  )

None

Water Strike (1st, 2nd ...)
Water Rise (1st, 2nd ...) and
Rise Time (minutes)

HOLE TERMINATED DUE TO:

X

Explanations:

Small Disturbed Sample
Large Disturbed Sample
U100 Undisturbed Sample

Rock Mass Weathering - unweathered, slightly
weathered, moderately weathered, highly
weathered, completely weathered, residually
weathered
Relative soil Strength - very soft/very loose,
soft/loose,
firm/medium dense, stiff/dense, very stiff/very dense

GROUNDWATERScala Penetrometer -
blows/50mm
Permeability Test
Schmidt Hammer
Insitu Vane Shear Strength (kPa)
V=Peak, R=Residual,
UTP=Unable to penetrate

Target Depth

Logged by: Checked by:
GJ GJ

Northwestern corner of site
Co-Ordinates ():Job No.: Ground Level (m):

Sheet:

All dimensions in metres
Scale 1:9

Start Date: 28-06-18
Finish Date: 28-06-18

Client: Hole Depth:
1.00 m

NVO - No Visual or Olfactory
Contamination was observed.
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TOPSOIL; Silt; grey. Moist, non plastic; NVO.
 

 
SILT, trace to minor clay; grey with orange staining.
Moist to wet, slightly plastic; NVO.
 

 
SILT with minor clay; greyish orange. Moist to wet,
slightly plastic; NVO.
 

 
SILT with trace fine sand; greyish orange. Wet, non
plastic; NVO.
 

 
Silty SAND; grey. Saturated, non plastic; NVO.
 
 
EOH @ 1.00 m
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Slow Seep  (depth  )

Rapid Inflow  (depth  )

None

Water Strike (1st, 2nd ...)
Water Rise (1st, 2nd ...) and
Rise Time (minutes)

HOLE TERMINATED DUE TO:

Explanations:

Small Disturbed Sample
Large Disturbed Sample
U100 Undisturbed Sample

Rock Mass Weathering - unweathered, slightly
weathered, moderately weathered, highly
weathered, completely weathered, residually
weathered
Relative soil Strength - very soft/very loose,
soft/loose,
firm/medium dense, stiff/dense, very stiff/very dense

GROUNDWATERScala Penetrometer -
blows/50mm
Permeability Test
Schmidt Hammer
Insitu Vane Shear Strength (kPa)
V=Peak, R=Residual,
UTP=Unable to penetrate

Target Depth

Logged by: Checked by:
GJ GJ

Near western boundary
Co-Ordinates ():Job No.: Ground Level (m):

Sheet:

All dimensions in metres
Scale 1:9

Start Date: 28-06-18
Finish Date: 28-06-18

Client: Hole Depth:
1.00 m

NVO - No Visual or Olfactory
Contamination was observed.
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TOPSOIL; grey. Silt, rootlets. Moist, non plastic; NVO.
 

 
SILT, trace clay; light grey and orange mixed. Moist,
slightly plastic; NVO.
 

0.70 m Wet.

 
Silty SAND; grey. Saturated; NVO.
 

 
EOH @ 1.00 m
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ndGeological Description
(refer to separate Geotechnical and Geological
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Slow Seep  (depth  )

Rapid Inflow  (depth  )

None

Water Strike (1st, 2nd ...)
Water Rise (1st, 2nd ...) and
Rise Time (minutes)

HOLE TERMINATED DUE TO:

Explanations:

Small Disturbed Sample
Large Disturbed Sample
U100 Undisturbed Sample

Rock Mass Weathering - unweathered, slightly
weathered, moderately weathered, highly
weathered, completely weathered, residually
weathered
Relative soil Strength - very soft/very loose,
soft/loose,
firm/medium dense, stiff/dense, very stiff/very dense

GROUNDWATERScala Penetrometer -
blows/50mm
Permeability Test
Schmidt Hammer
Insitu Vane Shear Strength (kPa)
V=Peak, R=Residual,
UTP=Unable to penetrate

Target Depth

Logged by: Checked by:
GJ GJ

Southwestern portion of site
Co-Ordinates ():Job No.: Ground Level (m):

Sheet:

All dimensions in metres
Scale 1:9

Start Date: 28-06-18
Finish Date: 28-06-18

Client: Hole Depth:
1.00 m

NVO - No Visual or Olfactory
Contamination was observed.
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TOPSOIL; light grey. Moist; NVO.
 

 
SILT, trace clay; light grey with orange staining. Moist,
non to slightly plastic; NVO.
 

 
SILT, minor clay, minor sand; light grey and orange.
Moist, slightly plastic; NVO.
 

 
SILT, minor fine sand, trace clay; grey. Wet, non to
slightly plastic; NVO.
 

 
EOH @ 1.00 m
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ndGeological Description
(refer to separate Geotechnical and Geological

Information sheet for further information)El
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Slow Seep  (depth  )

Rapid Inflow  (depth  )

None

Water Strike (1st, 2nd ...)
Water Rise (1st, 2nd ...) and
Rise Time (minutes)

HOLE TERMINATED DUE TO:

Explanations:

Small Disturbed Sample
Large Disturbed Sample
U100 Undisturbed Sample

Rock Mass Weathering - unweathered, slightly
weathered, moderately weathered, highly
weathered, completely weathered, residually
weathered
Relative soil Strength - very soft/very loose,
soft/loose,
firm/medium dense, stiff/dense, very stiff/very dense

GROUNDWATERScala Penetrometer -
blows/50mm
Permeability Test
Schmidt Hammer
Insitu Vane Shear Strength (kPa)
V=Peak, R=Residual,
UTP=Unable to penetrate

Target Depth

Logged by: Checked by:
GJ GJ

Central portion of site
Co-Ordinates ():Job No.: Ground Level (m):

Sheet:

All dimensions in metres
Scale 1:9

Start Date: 28-06-18
Finish Date: 28-06-18

Client: Hole Depth:
1.00 m

NVO - No Visual or Olfactory
Contamination was observed.
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TOPSOIL; grey, roots. Moist; NVO.
 

 
SILT, minor clay, trace sand; light grey with orange
staining. Moist, slightly plastic; NVO.
 

0.90 m Grades to mixed grey and brown; wet.

 
EOH @ 1.00 m
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ndGeological Description
(refer to separate Geotechnical and Geological

Information sheet for further information)El
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Slow Seep  (depth  )

Rapid Inflow  (depth  )

None

Water Strike (1st, 2nd ...)
Water Rise (1st, 2nd ...) and
Rise Time (minutes)

HOLE TERMINATED DUE TO:

Explanations:

Small Disturbed Sample
Large Disturbed Sample
U100 Undisturbed Sample

Rock Mass Weathering - unweathered, slightly
weathered, moderately weathered, highly
weathered, completely weathered, residually
weathered
Relative soil Strength - very soft/very loose,
soft/loose,
firm/medium dense, stiff/dense, very stiff/very dense

GROUNDWATERScala Penetrometer -
blows/50mm
Permeability Test
Schmidt Hammer
Insitu Vane Shear Strength (kPa)
V=Peak, R=Residual,
UTP=Unable to penetrate

Target Depth

Logged by: Checked by:
GJ GJ

Central portion of site
Co-Ordinates ():Job No.: Ground Level (m):

Sheet:

All dimensions in metres
Scale 1:9

Start Date: 28-06-18
Finish Date: 28-06-18

Client: Hole Depth:
1.00 m

NVO - No Visual or Olfactory
Contamination was observed.
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TOPSOIL; silt; grey. Moist, non plastic; NVO.
 

 
SILT, trace clay, trace sand; grey. Moist, non plastic;
NVO.
 

 
SILT, minor clay; light greyish orange. Moist to wet,
slightly plastic; NVO.
 

 
EOH @ 1.00 m
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ndGeological Description
(refer to separate Geotechnical and Geological

Information sheet for further information)El
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Slow Seep  (depth  )

Rapid Inflow  (depth  )

None

Water Strike (1st, 2nd ...)
Water Rise (1st, 2nd ...) and
Rise Time (minutes)

HOLE TERMINATED DUE TO:

Explanations:

Small Disturbed Sample
Large Disturbed Sample
U100 Undisturbed Sample

Rock Mass Weathering - unweathered, slightly
weathered, moderately weathered, highly
weathered, completely weathered, residually
weathered
Relative soil Strength - very soft/very loose,
soft/loose,
firm/medium dense, stiff/dense, very stiff/very dense

GROUNDWATERScala Penetrometer -
blows/50mm
Permeability Test
Schmidt Hammer
Insitu Vane Shear Strength (kPa)
V=Peak, R=Residual,
UTP=Unable to penetrate

Target Depth

Logged by: Checked by:
GJ GJ

Central site near Flygers Line
Co-Ordinates ():Job No.: Ground Level (m):

Sheet:

All dimensions in metres
Scale 1:9

Start Date: 29-06-18
Finish Date: 29-06-18

Client: Hole Depth:
1.00 m

NVO - No Visual or Olfactory
Contamination was observed.
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TOPSOIL; grey. Moist; NVO.
 

 
SILT, minor clay; light grey with light orange. Moist,
slightly plastic; NVO.
 

 
SILT, minor to some clay; greyish orange mixed. Moist
to wet, slightly plastic.
 

 
SILT, minor sand, trace clay; light greyish orange. Wet;
NVO.
 

 
EOH @ 1.00 m
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Slow Seep  (depth  )

Rapid Inflow  (depth  )

None

Water Strike (1st, 2nd ...)
Water Rise (1st, 2nd ...) and
Rise Time (minutes)

HOLE TERMINATED DUE TO:

Explanations:

Small Disturbed Sample
Large Disturbed Sample
U100 Undisturbed Sample

Rock Mass Weathering - unweathered, slightly
weathered, moderately weathered, highly
weathered, completely weathered, residually
weathered
Relative soil Strength - very soft/very loose,
soft/loose,
firm/medium dense, stiff/dense, very stiff/very dense

GROUNDWATERScala Penetrometer -
blows/50mm
Permeability Test
Schmidt Hammer
Insitu Vane Shear Strength (kPa)
V=Peak, R=Residual,
UTP=Unable to penetrate

Target Depth

Logged by: Checked by:
GJ GJ

Central site
Co-Ordinates ():Job No.: Ground Level (m):

Sheet:

All dimensions in metres
Scale 1:9

Start Date: 29-06-18
Finish Date: 29-06-18

Client: Hole Depth:
1.00 m

NVO - No Visual or Olfactory
Contamination was observed.
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TOPSOIL; grey. Moist, non plastic. NVO.
 

 
SILT, trace sand; light grey with orange staining. Moist,
non plastic; NVO.
 

 
Silty SAND; grey. Saturated, non plastic; NVO.
 

 
EOH @ 1.00 m
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ndGeological Description
(refer to separate Geotechnical and Geological
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Slow Seep  (depth 0.8 m )

Rapid Inflow  (depth  )

None

Water Strike (1st, 2nd ...)
Water Rise (1st, 2nd ...) and
Rise Time (minutes)

HOLE TERMINATED DUE TO:

X

Explanations:

Small Disturbed Sample
Large Disturbed Sample
U100 Undisturbed Sample

Rock Mass Weathering - unweathered, slightly
weathered, moderately weathered, highly
weathered, completely weathered, residually
weathered
Relative soil Strength - very soft/very loose,
soft/loose,
firm/medium dense, stiff/dense, very stiff/very dense

GROUNDWATERScala Penetrometer -
blows/50mm
Permeability Test
Schmidt Hammer
Insitu Vane Shear Strength (kPa)
V=Peak, R=Residual,
UTP=Unable to penetrate

Target Depth

Logged by: Checked by:
GJ GJ

Southern portion of site
Co-Ordinates ():Job No.: Ground Level (m):

Sheet:

All dimensions in metres
Scale 1:9

Start Date: 29-06-18
Finish Date: 29-06-18

Client: Hole Depth:
1.00 m

NVO - No Visual or Olfactory
Contamination was observed.
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TOPSOIL; grey. Moist, non plastic; NVO.
 

 
SILT, trace clay; Moist, slightly plastic; NVO.
 

 
SILT, minor clay, trace grit; grey and brownish orange
mix. Moist, moderately plastic; NVO.
 

 
EOH @ 1.00 m

Le
ge

ndGeological Description
(refer to separate Geotechnical and Geological

Information sheet for further information)El
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Slow Seep  (depth  )

Rapid Inflow  (depth  )

None

Water Strike (1st, 2nd ...)
Water Rise (1st, 2nd ...) and
Rise Time (minutes)

HOLE TERMINATED DUE TO:

Explanations:

Small Disturbed Sample
Large Disturbed Sample
U100 Undisturbed Sample

Rock Mass Weathering - unweathered, slightly
weathered, moderately weathered, highly
weathered, completely weathered, residually
weathered
Relative soil Strength - very soft/very loose,
soft/loose,
firm/medium dense, stiff/dense, very stiff/very dense

GROUNDWATERScala Penetrometer -
blows/50mm
Permeability Test
Schmidt Hammer
Insitu Vane Shear Strength (kPa)
V=Peak, R=Residual,
UTP=Unable to penetrate

Target Depth

Logged by: Checked by:
GJ GJ

Northern corner of site
Co-Ordinates ():Job No.: Ground Level (m):

Sheet:

All dimensions in metres
Scale 1:9

Start Date: 29-06-18
Finish Date: 29-06-18

Client: Hole Depth:
1.00 m

NVO - No Visual or Olfactory
Contamination was observed.
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TOPSOIL; grey. Moist, non plastic.
 

 
SILT, trace clay; light grey and orange. Moist, slightly
plastic; NVO.
 

 
SILT, some clay; greyish orange mixed. Moist to wet,
moderately plastic; NVO.
 

 
EOH @ 1.00 m

Le
ge

ndGeological Description
(refer to separate Geotechnical and Geological

Information sheet for further information)El
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Slow Seep  (depth  )

Rapid Inflow  (depth  )

None

Water Strike (1st, 2nd ...)
Water Rise (1st, 2nd ...) and
Rise Time (minutes)

HOLE TERMINATED DUE TO:

Explanations:

Small Disturbed Sample
Large Disturbed Sample
U100 Undisturbed Sample

Rock Mass Weathering - unweathered, slightly
weathered, moderately weathered, highly
weathered, completely weathered, residually
weathered
Relative soil Strength - very soft/very loose,
soft/loose,
firm/medium dense, stiff/dense, very stiff/very dense

GROUNDWATERScala Penetrometer -
blows/50mm
Permeability Test
Schmidt Hammer
Insitu Vane Shear Strength (kPa)
V=Peak, R=Residual,
UTP=Unable to penetrate

Target Depth

Logged by: Checked by:
GJ GJ

Central northeastern boundary
Co-Ordinates ():Job No.: Ground Level (m):

Sheet:

All dimensions in metres
Scale 1:9

Start Date: 29-06-18
Finish Date: 29-06-18

Client: Hole Depth:
1.00 m

NVO - No Visual or Olfactory
Contamination was observed.

170672

Rangitikei Line-Flygers Line

Flygers Line Investment Group

Location:

Shear Vane No.

Hole position:

Remarks

HAND AUGER LOG
No.:

Palmerston North
Project:

HA11

4 Fred Thomas Drive
Takapuna 0622
Tel:  +649 4897872
Fax:  +649 4897873

Riley Consultants Limited
R

IL
EY

AK
L.

G
LB

  L
og

  R
IL

EY
 H

A 
(A

KL
) N

O
 M

AP
  1

70
67

2 
- M

AC
H

IN
E 

H
O

LE
 L

O
G

S.
G

PJ
  <

<D
ra

w
in

gF
ile

>>
  2

2/
02

/2
01

9 
12

:4
4 

Pr
od

uc
ed

 b
y 

gI
N

T 
Pr

of
es

si
on

al

1



0.20

0.50

0.90

1.00

M

M

W

S

H
ol

oc
en

e 
Al

lu
vi

al
 D

ep
os

its

 
TOPSOIL; dark grey. Moist, non plastic; NVO.
 

 
SILT, trace clay, trace sand; light grey. Moist, non
plastic; NVO.
 

 
Sandy SILT; light grey. Wet, non plastic; NVO.
 

 
SILT, some clay; light grey. Saturated, moderately
plastic; NVO.
 

 
EOH @ 1.00 m

Le
ge

ndGeological Description
(refer to separate Geotechnical and Geological

Information sheet for further information)El
ev

at
io

n
(m

 )

D
ep

th
 (m

)

1  of  1

Soil Shear Strength
(kPa)

So
il 

M
oi

st
ur

e

Scala Penetrometer
(blows / 50 mm)

50 100 150 200 3 6 9 12 15

Tests

Sa
m

pl
es

G
ro

un
dw

at
er

G
eo

lo
gi

ca
l U

ni
t

U
ni

fie
d 

Sy
m

bo
l

Slow Seep  (depth  )

Rapid Inflow  (depth  )

None

Water Strike (1st, 2nd ...)
Water Rise (1st, 2nd ...) and
Rise Time (minutes)

HOLE TERMINATED DUE TO:

Explanations:

Small Disturbed Sample
Large Disturbed Sample
U100 Undisturbed Sample

Rock Mass Weathering - unweathered, slightly
weathered, moderately weathered, highly
weathered, completely weathered, residually
weathered
Relative soil Strength - very soft/very loose,
soft/loose,
firm/medium dense, stiff/dense, very stiff/very dense

GROUNDWATERScala Penetrometer -
blows/50mm
Permeability Test
Schmidt Hammer
Insitu Vane Shear Strength (kPa)
V=Peak, R=Residual,
UTP=Unable to penetrate

Target Depth

Logged by: Checked by:
GJ GJ

Eastern portion of site near sheds
Co-Ordinates ():Job No.: Ground Level (m):

Sheet:

All dimensions in metres
Scale 1:9

Start Date: 29-06-18
Finish Date: 29-06-18

Client: Hole Depth:
1.00 m

NVO - No Visual or Olfactory
Contamination was observed.
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TOPSOIL; grey. Moist; NVO.
 

 
SILT, minor clay, trace sand; grey and orange mixed.
Moist, slightly plastic; NVO.
 

0.80 m Grades to minor to some clay, trace grit; grey
brownish orange mixed. Moist, slightly plastic; NVO.

 
EOH @ 1.00 m

Le
ge

ndGeological Description
(refer to separate Geotechnical and Geological

Information sheet for further information)El
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Slow Seep  (depth  )

Rapid Inflow  (depth  )

None

Water Strike (1st, 2nd ...)
Water Rise (1st, 2nd ...) and
Rise Time (minutes)

HOLE TERMINATED DUE TO:

Explanations:

Small Disturbed Sample
Large Disturbed Sample
U100 Undisturbed Sample

Rock Mass Weathering - unweathered, slightly
weathered, moderately weathered, highly
weathered, completely weathered, residually
weathered
Relative soil Strength - very soft/very loose,
soft/loose,
firm/medium dense, stiff/dense, very stiff/very dense

GROUNDWATERScala Penetrometer -
blows/50mm
Permeability Test
Schmidt Hammer
Insitu Vane Shear Strength (kPa)
V=Peak, R=Residual,
UTP=Unable to penetrate

Target Depth

Logged by: Checked by:
GJ GJ

Central northern portion of site
Co-Ordinates ():Job No.: Ground Level (m):

Sheet:

All dimensions in metres
Scale 1:9

Start Date: 29-06-18
Finish Date: 29-06-18

Client: Hole Depth:
1.00 m

NVO - No Visual or Olfactory
Contamination was observed.
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TOPSOIL; NVO.
 

 
SILT, trace clay; light grey and orange. Moist, non
plastic; NVO.
 

 
Silty SAND; brownish orange grey. Wet to saturated;
NVO.
 

 
EOH @ 1.00 m

Le
ge

ndGeological Description
(refer to separate Geotechnical and Geological

Information sheet for further information)El
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Slow Seep  (depth  )

Rapid Inflow  (depth  )

None

Water Strike (1st, 2nd ...)
Water Rise (1st, 2nd ...) and
Rise Time (minutes)

HOLE TERMINATED DUE TO:

Explanations:

Small Disturbed Sample
Large Disturbed Sample
U100 Undisturbed Sample

Rock Mass Weathering - unweathered, slightly
weathered, moderately weathered, highly
weathered, completely weathered, residually
weathered
Relative soil Strength - very soft/very loose,
soft/loose,
firm/medium dense, stiff/dense, very stiff/very dense

GROUNDWATERScala Penetrometer -
blows/50mm
Permeability Test
Schmidt Hammer
Insitu Vane Shear Strength (kPa)
V=Peak, R=Residual,
UTP=Unable to penetrate

Target Depth

Logged by: Checked by:
GJ GJ

Central site
Co-Ordinates ():Job No.: Ground Level (m):

Sheet:

All dimensions in metres
Scale 1:9

Start Date: 29-06-18
Finish Date: 29-06-18

Client: Hole Depth:
1.00 m

NVO - No Visual or Olfactory
Contamination was observed.
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APPENDIX C 
 

Liquefaction Outputs 
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L I Q U E F A C T I O N  A N A L Y S I S  R E P O R T

Input parameters and analysis data
B&I (2014)
B&I (2014)
Based on Ic value
6.90
0.34
.

G.W.T. (in-situ):
G.W.T. (earthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:

Project title : 170672 Location : Flygers Line

Riley Consultants Ltd
4 Fred Thomas Drive, Takapuna
Ph: +64 9 489 7872
http://www.riley.co.nz

CPT file : CPT01

1.00 m
1.00 m
3
2.60
Based on SBT

No
N/A
N/A
No
Yes

Clay like behavior
applied:
Limit depth applied:
Limit depth:
MSF method:

 
Sands only
No
N/A
Method
based

Summary of liquefaction potential
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This software is licensed to: Riley Consultants Ltd CPT name: CPT01

E s t i m a t i o n  o f  p o s t - e a r t h q u a k e  s e t t l e m e n t s
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This software is licensed to: Riley Consultants Ltd CPT name: CPT01

Estimation of post-earthquake lateral Displacements
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L I Q U E F A C T I O N  A N A L Y S I S  R E P O R T

Input parameters and analysis data
B&I (2014)
B&I (2014)
Based on Ic value
6.90
0.34
.

G.W.T. (in-situ):
G.W.T. (earthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:

Project title : 170672 Location : Flygers Line

Riley Consultants Ltd
4 Fred Thomas Drive, Takapuna
Ph: +64 9 489 7872
http://www.riley.co.nz

CPT file : CPT02

1.00 m
1.00 m
3
2.60
Based on SBT

No
N/A
N/A
No
Yes

Clay like behavior
applied:
Limit depth applied:
Limit depth:
MSF method:

 
Sands only
No
N/A
Method
based

Summary of liquefaction potential
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This software is licensed to: Riley Consultants Ltd CPT name: CPT02
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This software is licensed to: Riley Consultants Ltd CPT name: CPT02

Estimation of post-earthquake lateral Displacements

CLiq v.2.1.6.7 - CPT Liquefaction Assessment Software - Report created on: 12/07/2018, 9:15:57 a.m. 6
Project file: T:\2017 Jobs\170672 Rangitikei Line-Flygers Line\4.0 DESIGN-INVEST\4.1 Geo\Liquefaction Assessment\170672 Flygers Line ULS.clq

Abbreviations



L I Q U E F A C T I O N  A N A L Y S I S  R E P O R T

Input parameters and analysis data
B&I (2014)
B&I (2014)
Based on Ic value
6.90
0.34
.

G.W.T. (in-situ):
G.W.T. (earthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:

Project title : 170672 Location : Flygers Line

Riley Consultants Ltd
4 Fred Thomas Drive, Takapuna
Ph: +64 9 489 7872
http://www.riley.co.nz

CPT file : CPT03

1.00 m
1.00 m
3
2.60
Based on SBT

No
N/A
N/A
No
Yes

Clay like behavior
applied:
Limit depth applied:
Limit depth:
MSF method:

 
Sands only
No
N/A
Method
based

Summary of liquefaction potential
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This software is licensed to: Riley Consultants Ltd CPT name: CPT03
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L I Q U E F A C T I O N  A N A L Y S I S  R E P O R T

Input parameters and analysis data
B&I (2014)
B&I (2014)
Based on Ic value
6.90
0.34
.

G.W.T. (in-situ):
G.W.T. (earthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:

Project title : 170672 Location : Flygers Line

Riley Consultants Ltd
4 Fred Thomas Drive, Takapuna
Ph: +64 9 489 7872
http://www.riley.co.nz

CPT file : CPT04

1.00 m
1.00 m
3
2.60
Based on SBT

No
N/A
N/A
No
Yes

Clay like behavior
applied:
Limit depth applied:
Limit depth:
MSF method:

 
Sands only
No
N/A
Method
based

Summary of liquefaction potential
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L I Q U E F A C T I O N  A N A L Y S I S  R E P O R T

Input parameters and analysis data
B&I (2014)
B&I (2014)
Based on Ic value
6.90
0.34
.

G.W.T. (in-situ):
G.W.T. (earthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:

Project title : 170672 Location : Flygers Line

Riley Consultants Ltd
4 Fred Thomas Drive, Takapuna
Ph: +64 9 489 7872
http://www.riley.co.nz

CPT file : CPT05

1.00 m
1.00 m
3
2.60
Based on SBT

No
N/A
N/A
No
Yes

Clay like behavior
applied:
Limit depth applied:
Limit depth:
MSF method:

 
Sands only
No
N/A
Method
based

Summary of liquefaction potential
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L I Q U E F A C T I O N  A N A L Y S I S  R E P O R T

Input parameters and analysis data
B&I (2014)
B&I (2014)
Based on Ic value
6.90
0.34
.

G.W.T. (in-situ):
G.W.T. (earthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:

Project title : 170672 Location : Flygers Line

Riley Consultants Ltd
4 Fred Thomas Drive, Takapuna
Ph: +64 9 489 7872
http://www.riley.co.nz

CPT file : CPT06

1.00 m
1.00 m
3
2.60
Based on SBT

No
N/A
N/A
No
Yes

Clay like behavior
applied:
Limit depth applied:
Limit depth:
MSF method:

 
Sands only
No
N/A
Method
based

Summary of liquefaction potential
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This software is licensed to: Riley Consultants Ltd CPT name: CPT06
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This software is licensed to: Riley Consultants Ltd CPT name: CPT06
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L I Q U E F A C T I O N  A N A L Y S I S  R E P O R T

Input parameters and analysis data
B&I (2014)
B&I (2014)
Based on Ic value
6.90
0.34
.

G.W.T. (in-situ):
G.W.T. (earthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:

Project title : 170672 Location : Flygers Line

Riley Consultants Ltd
4 Fred Thomas Drive, Takapuna
Ph: +64 9 489 7872
http://www.riley.co.nz

CPT file : CPT07

1.00 m
1.00 m
3
2.60
Based on SBT

No
N/A
N/A
No
Yes

Clay like behavior
applied:
Limit depth applied:
Limit depth:
MSF method:

 
Sands only
No
N/A
Method
based

Summary of liquefaction potential
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L I Q U E F A C T I O N  A N A L Y S I S  R E P O R T

Input parameters and analysis data
B&I (2014)
B&I (2014)
Based on Ic value
6.90
0.34
.

G.W.T. (in-situ):
G.W.T. (earthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:

Project title : 170672 Location : Flygers Line

Riley Consultants Ltd
4 Fred Thomas Drive, Takapuna
Ph: +64 9 489 7872
http://www.riley.co.nz

CPT file : CPT08

1.00 m
1.00 m
3
2.60
Based on SBT

No
N/A
N/A
No
Yes

Clay like behavior
applied:
Limit depth applied:
Limit depth:
MSF method:

 
Sands only
No
N/A
Method
based

Summary of liquefaction potential
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This software is licensed to: Riley Consultants Ltd CPT name: CPT08
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This software is licensed to: Riley Consultants Ltd CPT name: CPT08
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L I Q U E F A C T I O N  A N A L Y S I S  R E P O R T

Input parameters and analysis data
B&I (2014)
B&I (2014)
Based on Ic value
6.90
0.34
.

G.W.T. (in-situ):
G.W.T. (earthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:

Project title : 170672 Location : Flygers Line

Riley Consultants Ltd
4 Fred Thomas Drive, Takapuna
Ph: +64 9 489 7872
http://www.riley.co.nz

CPT file : CPT09

1.00 m
1.00 m
3
2.60
Based on SBT

No
N/A
N/A
No
Yes

Clay like behavior
applied:
Limit depth applied:
Limit depth:
MSF method:

 
Sands only
No
N/A
Method
based

Summary of liquefaction potential
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This software is licensed to: Riley Consultants Ltd CPT name: CPT09
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This software is licensed to: Riley Consultants Ltd CPT name: CPT09
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L I Q U E F A C T I O N  A N A L Y S I S  R E P O R T

Input parameters and analysis data
B&I (2014)
B&I (2014)
Based on Ic value
6.90
0.34
.

G.W.T. (in-situ):
G.W.T. (earthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:

Project title : 170672 Location : Flygers Line

Riley Consultants Ltd
4 Fred Thomas Drive, Takapuna
Ph: +64 9 489 7872
http://www.riley.co.nz

CPT file : CPT10

1.00 m
1.00 m
3
2.60
Based on SBT

No
N/A
N/A
No
Yes

Clay like behavior
applied:
Limit depth applied:
Limit depth:
MSF method:

 
Sands only
No
N/A
Method
based

Summary of liquefaction potential
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This software is licensed to: Riley Consultants Ltd CPT name: CPT10
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L I Q U E F A C T I O N  A N A L Y S I S  R E P O R T

Input parameters and analysis data
B&I (2014)
B&I (2014)
Based on Ic value
6.90
0.34
.

G.W.T. (in-situ):
G.W.T. (earthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:

Project title : 170672 Location : Flygers Line

Riley Consultants Ltd
4 Fred Thomas Drive, Takapuna
Ph: +64 9 489 7872
http://www.riley.co.nz

CPT file : CPT11

1.00 m
1.00 m
3
2.60
Based on SBT

No
N/A
N/A
No
Yes

Clay like behavior
applied:
Limit depth applied:
Limit depth:
MSF method:

 
Sands only
No
N/A
Method
based

Summary of liquefaction potential
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This software is licensed to: Riley Consultants Ltd CPT name: CPT11

Estimation of post-earthquake lateral Displacements
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L I Q U E F A C T I O N  A N A L Y S I S  R E P O R T

Input parameters and analysis data
B&I (2014)
B&I (2014)
Based on Ic value
6.90
0.34
.

G.W.T. (in-situ):
G.W.T. (earthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:

Project title : 170672 Location : Flygers Line

Riley Consultants Ltd
4 Fred Thomas Drive, Takapuna
Ph: +64 9 489 7872
http://www.riley.co.nz

CPT file : CPT12

1.00 m
1.00 m
3
2.60
Based on SBT

No
N/A
N/A
No
Yes

Clay like behavior
applied:
Limit depth applied:
Limit depth:
MSF method:

 
Sands only
No
N/A
Method
based

Summary of liquefaction potential
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Procedure for the evaluation of soil liquefaction resistance, NCEER (1998)

CLiq v.2.1.6.7 - CPT Liquefaction Assessment Software 37



Procedure for the evaluation of soil liquefaction resistance (all soils), Robertson (2010)
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Procedure for the evaluation of soil liquefaction resistance, Idriss & Boulanger (2008)
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Procedure for the evaluation of soil liquefaction resistance (sandy soils), Moss et al. (2006)
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Procedure for the evaluation of soil liquefaction resistance, Boulanger & Idriss(2014)
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Procedure for the evaluation of liquefaction-induced lateral spreading displacements

CLiq v.2.1.6.7 - CPT Liquefaction Assessment Software 42



Procedure for the estimation of seismic induced settlements in dry sands

Robertson, P.K. and Lisheng, S., 2010, “Estimation of seismic compression in dry soils using the CPT” FIFTH INTERNATIONAL CONFERENCE ON
RECENT ADVANCES IN GEOTECHNICAL EARTHQUAKE ENGINEERING AND SOIL DYNAMICS, Symposium in honor of professor I. M. Idriss, San
Diego, CA
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Liquefaction Potential Index (LPI) calculation procedure

Graphical presentation of the LPI calculation procedure

Calculation of the Liquefaction Potential Index (LPI) is used to interpret the liquefaction assessment calculations in terms of
severity over depth. The calculation procedure is based on the methology developed by Iwasaki (1982) and is adopted by AFPS.
 
To estimate the severity of liquefaction extent at a given site, LPI is calculated based on the following equation:

LPI =
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APPENDIX D 
 

RILEY Dwgs: 
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