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1. Infroduction

Eliot Sinclair & Partners Ltd was engaged by CVI Projects Limited to compile a Geotechnical
Assessment to confirm the suitability for rezoning from rural to residential land use  of the site at 518
Rangiora Woodend Road and 4 Golf Links Road, Rangiora.

This report is intended to be used as technical supporting documentation to support the submission
requesting site rezoning as part of the Proposed Waimakariri District Plan review.

The scope of geotechnical assessment and density of investigation positions required for the rezoning
was determined in licison with the project’s Planners and with reference to MBIE/NZGS Module 2:
Geotechnical investigations for earthquake engineering  (2021)'.  The assessment undertaken is
essentially a RMA s106 natural hazards assessment, but using a wider array of investigation positions as
per Module 2, Table 2.1.

2. Scope of Works

The scope of work for this report was fo:

m  Review available data from the New Z  ealand Geotechnical Database ? (NZGD), Canterbury
Maps® and the Institute of Geological & Nuclear Sciences’' (GNS) Active Faults Database?,

[ Review the Waimakariri District Council natural hazards maps?,
[ Undertake a site walkover to identify any possible geotechnical hazards,

m  Undertake Cone Penetrometer Tests (CPTs) to a target depth of 15m bgl below ground level (bgl)
or practical refusal to characterise the deep subsurface soil profile , assess the lique faction
potential and future land performance,

m  Undertake machine boreholes (BHs) fo a target depth of T Om bgl below ground level (bgl) to
characterise the nature and deep subsurface soil profile and assist the liquefaction analysis, and

m  Prepare a Geotechnical Assessment report fo summarise the general geotechnical conditions
encountered across the site , comment on risk of liquefaction and assess the future ground
performance as evidence for the proposed plan change.

! New Zealand Geotechnical Society (NZGS), Module 2 - https://www.nzgs.org/libraries/earthquake-geotechnical-engineering-
module-2-geotechnical-investigations-earthquake-engineering/

2 New Zealand Geotechnical Database (NZGD) - https://www.nzgd.org.nz/

3 Canterbury Maps - https://mapviewer.canterburymaps.govt.nz

4 GNS Active Faults Database - http://maps.gns.cri.nz/website/af/viewer.htm

5 WDC natural hazard maps: https://letstalk.waimakariri.govt.nz/natural-hazards
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3. Site Description

The site located at 518 Rangiora Woodend Road and 4 Golf Links Road, Rangiora comprises a total
land area of approx. 11.3 hectares and consists of two Titles. Refer to Figure 1 for a current site layout
plan. The legal descriptions of the two allotments are:

e Lot 2DP 16884 — 4 Golf Links Road (0.9806ha)
e Part RS 1054 — 518 Rangiora Woodend Road (10.229ha)

Aside from the building locations and their driveways, the site was covered by short grass and used
for grazing at the time of our site visits on 26 April and 3 October 2023. The topography of the site is
generdlly flat with some undulations and two notable channel features (refer to Figure 1). The
channels flowing from the west converge at around the centre point of 518 Rangiora Woodend Road.
The channel features may be considered as “normally dry” though are part of the WDC mapped
overland flow networké.

The Waimakariri Three Waters Map Viewer’ shows an existing council owned natural stormwater
channel (Taranaki Stream) runs along the northern property boundary of 4 Golf Links Road and
through the centre of the 518 Rangiora Woodend Road towards east. A fributary of Taranaki Stream
runs across the site from northwest and converges to Taranaki Stream (refer to Figure 1). During our
site work the channels were dry so are regarded as ephemeral watercourses.

The Cam River/Ruataniwha is located to the southwest of the site and the Ashley River is approximately
1.7km north of the site.

Ephemeral tributary
of Taranaki Stream

Taranaki Stream
(ephemeral)

Figure 1. Site layout overlaying with contour map and overland channel feature.

6 Refer to WDC natural hazards flood mapping: https://letstalk. waimakariri.govt.nz/natural-hazards
7 Refer to WDC Three Waters Viewer: https://openmaps-waimakariri.hub.arcgis.com
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4, Existing Data Review

4.1. Geology

Geological mapping® of the area indicates the site is underlain with*Modern river floodplain/low-level
degradation terrace. Unweathered, variably sorted gravel/sand/silt/clay. Surfaces <2 -degree slope
(Qla)”, comprising of river deposits.

4.2. Active Faults
The GNS database ? indicates the site is located outside the minimum 20m fault avoidance zone
recommended by the Ministry for the Environment!©,

43. MBIE Technical Categories

The MBIE Category has mapped the site as ‘N/A - Rural & Unmapped’.

44. Listed Land Use Register Records

The ECan ‘Listed Land Use Register (LLUR) has indicatedthere is potential for pesticides and herbicides
to have been used (HAIL A10 Activities) on 4 Golf Links Road. No LLUR records are recorded for 518
Rangiora Woodend Road.

Refer to Eliot Sinclair’s Preliminary Site Investigation (PSI) Report, dated 13 June 2023 for more details.

4.5. Nearby Geotechnical Data

We have reviewed the NZGD portal and the ECan well cards database  for nearby borehole logs.
Relevant ECan well logs are as shown in Table 1. Referd Appendix A for the borehole and well factual
logs and a location plan.

BH_189061 is located at 174 East Belt to the northwest of the site. The borehole encountered sandy silty
topsoil/silty sand to 0.4m bgl, overlying interbedded silty sandy gravels and thin layers of silt to 15.08m
bgl. The groundwater was recorded at around 4.1m bgl in July 2019.

BH_189062 is located at 52 Kippenberger Avenue to the west of the site. The borehole encountered
sandy silty topsoil/silty sand to 1.4m bgl, overlying interb edded silty sandy gravels and gravelly silt o
15.08m bgl. The groundwater was recorded at around 4.0m bgl in July 2019.

The ground conditions are markedly naturally variable across the large site area, with a notable
variable being the presence and thickness of a shallow gravel body, which had implications for the
choice of ground investigation method - see later in report for details.

8 Nathan, S., Raftenbury, M.S., Suggate, R.P. (compliers) 2002. Geology of the Greymouth area. Institute of Geological and
Nuclear Sciences 1: 250 000 geological map 12. 1 sheet + 58p. Lower Hutt, New Zealand. Institute of Geological and Nuclear
Sciences Limited

? GNS Science - Active Faults Database

10 Planning for Development of Land on or Close to Active Faults: A Guideline to Assist Resource Management Planners in New
Zealand (Published July 2003).
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Table 1. Summary of nearby ECan Well and Bores data.

Ground
Total Water
Bore or Depths Level
LELE: Location (m) (m bgl) Soil Profile

Brown clayey/grey gravel at between
BW24/0207 22 Marchmont Road 18.00 2.20 0.5m - 18m bgl with a thin layer of clay at
between 9m - 10m bgl

M35/1837 6 Marchmont Road 6.00 2.56 Sandy gravel to 6m bgl

Gravelly clay at between 0.3m - 4.0m bgl,

BW24/0632 6 Marchmont Road 14.87 2.02 . .
overlying various gravels to 15m bgl
M35/0366 26 Golf Links Road 14.80 270 No data for upper 5.8m; Various gravels to
14.8m bgl
M35/7658 16 Golf Links Road 11.00 3.10 Sand/clay to T1m bgl

No data for upper 3.7m; sandy clay at
32.30 0.60 between 3.7m - 10.7m, overlying various
gravels with sand/clay to 32.3m bgl

476 Rangiora

M35/0276 Woodend Road

5. Geotechnical Site Investigation

5.1. Scope

For the proposed activity of a plan change, the scope of geotechnical testing is to be in accordance
with MBIE Guidance Module 2: Geofechnical investigations for earthquake engineering . For the site
area (approx. 11.3ha) the Guidance recommends a minimum o f 12 deep tests (Table 2.1) and for
these to be evenly distributed across the entire site area (Table 2.2).

5.2 Cone Penetration Testing

5.2.1. Overview

McMillan Drilling Ltd undertook 15 Cone Penetrometer Tests (CPTu) staring from 31 July to 2 August
2023 to char acterise the deeper soil profile. The CPTs were carried out in accordance with ASTM
Standard D5778-12 ‘Test Method for Performing Electronic Friction Cone and Piezocone Penetration
Testing of Soils’ . The CPT test data was provided as a full electronic re cord for use in later data
interpretation and analyses. Some dissipation tests were carried out in granular freedraining materials
at the end of the CPT testing for groundwater level interpretation.

5.2.2. CPT Soil Behaviour Type
Refer to Appendix B for CPT records and a test location plan.

The majority of CPT tests at the northern part of 518 Rangiora Woodend Road (CPT_01, 02, 03, 03A, 04,
05, 06, 06Aand 08) and 4 Golf Links Road (CPT_07 and 13) had early practical refusal on inferred dense
sand or gravel to various depths extending to 1.01m — 4.86m bgl.
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In the area near the southern property boundary of 518 Rangiora Woodend Road, CPT_09? indicates
clay/silty clay/silty sand-like soils to around 12.3m bgl with a thin layer of clean sands to silty sands-like
soil at between 2.5m - 3.0m bgl, overlying the dense sand-like soil fo 12.8m bgl where testing was
terminated. The dissipation test indicates the ground water level (GWL) was around 1.6m bgl.

At the location of CPT_10, the CPT data indicates interbedded silty clay/sandy silt/silty clay-like soil to
7.64m bgl with a layer of clean sand/silty sands-like soil af between 1.4m - 2.5m bgl. The dissipation
test indicates the GWL is located at around 1.2m bgl.

At the location of CPT_11, the CPT data indicates interbedded clay/silty sand/silty clay-like soil to 8.7m
bgl, overlying dense sand-like soil fo 9.05m bgl where practical refusal has been met. The dissipation
test indicates the GWL is located at around 1.2m bgl.

At the location of CPT_12, the CPT behaviour type indicates clay/silty clay to around 1.5m bgl,
overlying clean sands/silty sands to 3.0m bgl, over interbedded clay/silty clay to 8.7m bgl, over clean
sands/silty sands to 10.23m bgl. The dissipation fest indicates the GWL is located at around 0.4m bgl.

5.3. Sonic Core Borehole Drilling Testing

Due to the shallow practical refusal for most CPTs on site, Pro-Drill Limited undertook 8 Sonic Core
Boreholes (BHs) with Standard Penetration Tests (SPTs) from 3 October to 5 October 2023, as
supplementary testing to characterise the deeper soil profile as investigation pairings at the shallow
CPTs. Refer to Appendix C for Borehole logs and a test location plan.

The SPTs were carried out in accordance with ASTM Standard D1586-11 ‘Standard Test Method for
Standard Penetration Test (SPT) and Split-Barrel Sampling of Soils’. The SPT hammer efficiency was
cdlibrated in accordance with ASTM Standard D4633-10 ‘Standard Test Method for Energy
Measurement for Dynamic Penetrometers’.

A summary of all drilled boreholes undertaken is given in Table 2.

Table 2. Summary of machine boreholes drilled.

BH No. Address rocation Depth  Ground Water
Easting  Northing (mbgl) Level (mbgl)
BH_O1 518 Rangiora Wooded Road 1569113 5206109 10.6 2.9
BH_02 518 Rangiora Wooded Road 1569203 5206052 10.6 2.3
BH_03 518 Rangiora Wooded Road 1569312 5205985 10.6 2.2
BH_04 518 Rangiora Wooded Road 1569062 5206004 10.6 3.1
BH_05 518 Rangiora Wooded Road 1569157 5205943 10.6 2.5
BH_0é6 518 Rangiora Wooded Road 1569266 5205883 10.6 2.2
BH_07 4 Golf Links Road 1568902 5205871 10.6 3.5
BH_08 518 Rangiora Wooded Road 1569077 5205794 10.6 2.4

Standard Penetration Tests were typically carried out at nominal 1.5m centres and the uncorrected
N-values were recorded every 75mm intervals on the borehole logs. SPT hammer efficiencies used
during the tests are 81.5% for all drilled boreholes.
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The deep borehole tests undertaken at the centre and the northern half of 518 Rangiora Woodend
Road, and 4 Golf Links Road indicate the depth to the shallow gravels below the ground surface is
generally located af between 0.3m - 2.8m bgl with various thickness of 4.5m — 8.2m. Below that the
ground is underlying the interbedded clayey silt/sand/silt to around 9m bgl, over the dense gravel to
10.6m bgl where testing was terminated.

Based on the results of both CPTs and borehole tests, we consider there is a fransition of ground profile
between the deep gravels and deep fine -grained soils towards the south property boundary of 518
Rangiora Woodend Road, due to a gradual reduction of t  he thickness of upper gravel layers or
completely missing.

54. Groundwater Depth

Information on the groundwater level across the site has been obtained from three datasets, being
the CPT porewater pressure ( uz) profiles, the CPT dissipation tests, and the  driller’s BH observations
recorded on the borehole logs. The borehole observations may be the least reliable as they can be
influenced by the process of drilling (with water used as the drill flush).

Based on our analysis, the u 2 pore water pressure profiles and the dissipation tests generally indicate
the consistent groundwater depths. We noticed that the dissipation tests for CPT_12 indicates GWL at
0.4m bgl which is very shallow comparing to other GWL data at the site. We consider thisis because
the ground elevation gradually falls towards the eastern area, and the elevation difference across the
whole site in west-east direction is around 2m, as indicated in the site contour map.

The land elevation broadly falls from north to south across the site with an elevation difference of
approx. 3m. The groundwater depth data indicates a compatible trend with a deeper groundwater
depth in the north and becoming shallower to the  south. At the fime of our fieldwork the data
indicates groundwater depth as approx. 3m towards the north (CPTu04) and as shallow as 0.4m in the
south (CPTu12).

. e' IOI- Geotechnical Assessment Report - Version A
sinclair
—_—, 518 Rangiora Woodend Road & 4 Golf Links Road, Rangiora

511185 eliotsinclair.co.nz  Page 6



6. Liguefaction Hazard Assessment

6.1. Assessment Methods

Using the most recent version of MBIE's residential guidelines and Supplement Issue 7, the calculation
of CPT based liquefaction triggering was undertaken using the method ouflined in Boulanger & Idriss
(2014)"". The estimation of post-liquefaction induced settlements for CPTu using the metho d outlined
by Zhang et al (2002)'%. The liquefaction analysis was calculated using both CLIg'™ and LigSVs'4.

The calculation of SPT based liquefaction trigg ering was undertaken using the method outlined in
Boulanger & Idriss (2008)'°.

Refer to Appendix D for CPT  -based liquefaction analysis report and Appendix E for SPT -based
liguefaction analysis report.

The results ofdeep CPTs (CPT_09 to 12) and SPTs (SPT_01 to 08)were analysed for both the Serviceability
Limit State (SLS) and the Ultimate Limit State (ULS) levels of earthquake shaking as per NZGS Module 1
showing below:

m  SLS1 (1:25 yearreturn period) Case 1: M7.5, PGA 0.13g;
m  SLS2 (1:25 yearreturn period) Case 2: Mé.0, PGA 0.19g; and
m  ULS( 1:500 year return period) M7.5, PGA 0.35g.

Based on our analysis of the CPT data we have adopted the groundwater depths interpreted from
both CPT u2 curves and the dissipation tests at each CPT test location and assumed the earthquake
groundwater depths to be 0.5m higher than the static condition for the purpose of a conservative
analysis.

For SPT-based liquefaction assessment we have adopted the groundwater depths measured from
each drilled borehole during a static condition and assumed the earthquake groundwater depths to
be 0.5 higher during a seismic loading condition for the purpose of a conservative analysis.

1 Boulanger, R. W., and Idriss, I. M. (2014). CPT and SPT based liquefaction triggering procedures. Report No. UCD/CGM-14/01,
Centre for Geotechnical Modelling, Department of Civil and Environmental Engineering, University of California, Davis, CA, 134
ppP.

127hang, G., Robertson, P.K. & Brachman, R. (2002). Estimating liquefaction-induced ground settlements from CPT for level
ground. Canadian Geotechnical Journal, 39(5): 1168-1180.

13 Cliq (version 2.3.1.14). Geologismiki Geotechnical Software

4 LigSVs (version 2.0). Geologismiki Geotechnical Software

15 Boulanger, R. W., and Idriss, I. M. (2008). Soil Liquefaction During Earthquakes. Department of Civil and Environmental
Engineering, University of California.
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6.2. CPT-Based Liquefaction Assessment

6.2.1. Settlement (Svip)

The liquefaction-induced ‘index’ settlement values were calculated using method the by Zhang et al
(2002)'2 for a range of parameters that are estimated from the four basic CPT parameters (depth,
cone tip resistance, skin friction and pore water pressure) and represent ‘free-field’ settlements.
Therefore, the settlements shown in Table 3 are not an exact figure, but only index values for
interpretation of relative susceptibility to the damaging effect of liquefaction.

Table 3. CPT-based liquefaction-induced ‘index’ settlement values.

Liquefaction-induced ‘index’ settlements MBIE
Depth of CPT (mm) Equivalent
Test No. test l?.n g .
SLS1 SLS2 uLsS classification
(m ba) (M7.5,0.13g)  (Mé.0,0.19g)  (M7.5, 0.35g) at test
el R S location
CPT_09 12.80 25 35 52 TCc2
CPT_10 7.64 17 28 56 TC2
CPT_11 2.05 38 57 96 IC3/T1C2
CPT_12 10.23 52 59 72 IC3/1C2

Note: The "IC3 / TC2" descriptor relates to our assessment that the basic CPT data analysis indicates
TC3 land performance (for some SLS cases — highlighted blue), but our interrogation of the analysis
outputs (refer to Appendix D) finds that TC2 land performance is expected.

6.2.2. CPT-Based Liquefaction severity number (LSN)

The liquefaction severity number (LSN) is a parameter developed to reflect the more damaging
effects of shallow liquefaction on residential land and shallow foundations. The estimated LSN values
for the four CPT tests are summarised in Table 4.

Table 4.  Maximum LSN of analysed CPTs.

Event Maximum LSN Range Predominant Performance
SLS 10-20 Minor expression of liquefaction
ULS 30-40 Moderate to severe exp. of liquefaction
~ eliot
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6.3. SPT-Based Liquefaction Assessment

6.3.1. Settlement (Svip)

The liquefaction-induced ‘index’ settlement values were calculated using the software LigSVs'é for a
range of parameters that are estimated from the basic SPT parameters and represent ‘free-field’
seftlements. Refer to Table 5.

Table 5.  $PT-based liquefaction-induced ‘index’ seftlement values.

Liquefaction-induced ‘index’ settlements (mm) MBIE Equivalent
Test No —
’ SLS1 SLs2 uLs classification at
(M7.5, 0.13g) (Mé.0, 0.19g) (M7.5, 0.35g) test location
BH_O1 3 4 78 TC2
BH_02 9 17 84 TC2
BH_03 6 9 4] 1C2
BH_04 10 31 55 TC2
BH_05 2 2 35 TC2
BH_06 10 14 /9 TC2
BH_07 37 65 120 1C3/1C2
BH_08 16 53 97 TC3/T1C2

Note: The “TC3 / TC2" descriptor relates to our assessment that the basic SPT data analysis indicates
TC3 land performance (for some SLS cases, and a ULS case — highlighted blue), but our interrogation
of the analysis outputs (refer to Appendix E) finds that TC2 land performance is expected.

6.4. Lateral deformation hazard

The current terrain setting of the site is such that the risk of earthquake-induced lateral deformation
(stretch) is relatively low.

Changes to the land during engineering design for site development shall be subject to review for
potential adverse changes to lateral deformation hazard.
6.5. Site-Specific Technical Category

The broad-brush site-specific investigation and assessment of CPT and borehole records presented
above determines that equivalent TC2 land performance is generally predicted for the site for the
purposes of the Plan Change application.

The MBIE residential development guidance document (Table 3.1) provides the following index criteria
for the technical categories:

16 LigSVs (version 2.0). Geologismiki Geotechnical Software
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Table 3.1: Index criteria for foundation technical categories
Foundation e R e Nominal Nominal Nominal
Technical s P RSP SLS land ULS land Lateral
Category SHPRELESAIN SICHR SEpMEECSION settlement settlement Stretch
T Liquefaction damage is unlikelyina | 0-15 mm 0-25 mm Generally not
(where future large earthquake expected
confirmed)
TC2 Liquefaction damage is possibleina |0-50mm  |0-100mm | <50 mm
(where future large earthquake
confirmed)
TC3 Liquefaction damage is possible ina | >50 mm >100 mm >50 mm
(where future large earthquake
confirmed)
The MBIE guidance (Section 1.4.3) states : " TC2: Liquefaction damage is possible in future large

earthquakes. Standard enhanced foundation repair and rebuild optionsin  accordance with MBIE
guidance are suitable to mitigate against this possibility.”
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7. Natural Hazard Risk Assessment

7.1. Introduction

Council can decline an application for subdivision consent if there is a significant risk from natural
hazards. To determine wh ether there is a significant risk from natural hazards, decision -makers are
guided by the requirements of RMA Section 106(1A)!7. This requires a combined assessment of:

m  The likelihood of natural hazards occurring (whether individual or in combination); and

m  The consequences (material damage) that would result from natural hazards to land where the
consent is sought, other land, or structures; and

m  Anylikely subsequent use of the land where the consent is sought that woulaaccelerate, worsen,
or result in material damage.

Decision-makers are required to consider the magnitude of risk of natural hazards, including natural

hazards that have a high impact but low probability of occurrence. This aligns the assessment with the

definition of ‘effect’ Section 3 of the RMA.

The RMA defines natural hazards as: Any atmospheric or earth or water related occurrence (including
earthquake, tsunami, erosion, volcanic and geothermal activity, landslip, subsidence, sedimentation,
wind, drought, fire, or flooding) the action of which adversely affects or may adversely affect human
life, property, or other aspects of the environment.

Hazard identification is a key component of any site -specific risk assessment. The risk assessment for
relevant natural hazards at the site is presented below, which considers the likelihood and
consequences of the hazard at the site in the context of the proposed activity ( plan change from
rural to residential land use) as compared against the current site context.

We have considered the risk of  falling debiris, subsidence, wind, drought, fire, geothermal activity,
sedimentation, climate change, sea level rise, and volcanic activity and conclude these are very
unlikely to pose an unacceptable risk to life at this site.

In relation to other potential natural hazards, we comment as follows:

7.2 Earthquake Shaking

New Zealand is a seismically active country. New buildings and infrastructure will be designed,
consented, and built to acceptable industry standards and New Zealand Building Code requirements
As such the earthquake shaking risk fo buildings will be managed to acceptable levels.

17 For the purposes of this Plan Change assessment we have adopted the s106 natural hazard assessment framework normally
applied to subdivision applications. This is to give a familiar format of assessing natural hazards for land development, generally.
An application for subdivision is a likely next step following the District Plan review process if this rezoning submission is successful.

. e' IOI- Geotechnical Assessment Report - Version A
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7.3. Flooding

The Waimakariri Flood Hazard Map indicates the flood hazard within the Taranaki Stream (and
fributaries) is Low to Medium from the 200 Year ARI rainfall event as shown in Figure 2.

Refer to Eliot Sinclair's Flood Impact Assessment Report'® for flood modelling details of the site.

— L] O\R Y & 7/ ST

Natural Hazards Flood Model

All Flooding Hazard 200 Year

Very Low
Low
B Medium

. High

Figure 2. Currrent level of flood hazard at the site (Waimakariri Flood Hazard Map, October 2023).

'8 Flood Impact Assessment — 4 Golf Links Road and 518 Rangiora Woodend Road, Rangiora, Version A, Ref: 511185, prepared by
Eliot Sinclair, dated 10 October 2023.
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7.4. Liquefaction Vulnerability Mapping

The WDC liguefaction vulnerability mapping'? indicates a liquefaction boundary line going across the
sife which identified the eastern two-thirds of the site as “Liquefaction damage is possible”, and the
western third of the site as “Liquefaction damage is unlikely”. Refer to Figure 3.

However, we consider this is a regional scale map with the boundary between the two area s being
relatively arbitrary at the site-specific scale.

Liguefaction
damage is possible

Liguefaction
damage is unlikely

Figure 3. Liquefaction vulnerability map (WDC Natural Hazards map, October 2023).

Our broad-brush site-specific investigation and assessment of CPT and borehole records presented
above determines that equivalent TC2 land performance is generally predicted for the site for the
purposes of the rezoning submission request.

19 WDC natural hazards mapping: https://letstalk.waimakariri.govt.nz/natural-hazards
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7.5. Erosion and Subsidence

The site is gently undulating . At the time of our site walkover inspection, we did not find any obvious
evidence of significant erosion or subsidence. We have reviewed the aerial photographs for the
channel features and consider that it is unlikely for proposed buildings being affected by erosion as
the building will be set outside of channels.  Appropriate design of infrastructure and buildings will
manage the risk of erosion to acceptable levels.

There are no identified special / unusual ground conditions that would raise concern for a Plan
Change rezoning request regarding subsidence. Subsidence risk will be managed to acceptable
levels via normal investigation and engineering design practices for infrastructure and buildings.

An Erosion and Sediment Confrol Plan should be in place for any earthworks or construction at the
site, in accordance with normal earthworks management practices.

8. Conclusions

Based on our geotechnical investigation, we consider the site at 518 Rangiora Woodend Road and 4
Golf Links Road is suitable for rezoning from rural to residential land use.

We consider the site canbe  rezoned and that natural hazards can be mitigated through good
development design and practice to ensure the safety of infrastructure, buildings and people.

9. Proposed District Plan Rules
No rules to manage geotechnical risk are proposed.

There are no special conditions of the site identified that warrant geotechnical risk management
measures beyond those that fal | within normal infrastructure and building investigation and design

practices.
. e' IOI- Geotechnical Assessment Report - Version A
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10. Disclaimer

This report has been prepared by Eliot Sinclair & Partners Limited (“Eliot Sinclair”) only for the intended
purpose as a Natfural Hazards Risk  Assessment for a Plan Change application . Our analysis is based
on our inspection of the site and geotechnical testing.

The report is based on:

n Information shown on NZS3604:2011, WestMaps, Beca Regional Liquefaction Report, and GNS's
Active Faults Database.

m  Ministry of Business, Innovation and Employment’s (MBIE) December 2012 guidelines.
m  Factual borehole and CPT records.

Where data supplied by CVI Projects Ltd or other external sources have been relied upon, it has been
assumed that the information is correct unless otherwise stated. No responsibility is accepted by Eliot
Sinclair for incomplete or inaccurate data supplied by other parties.

Whilst every care has been taken during our investigation and interpretation of the subsurface
conditions to ensure that the conclusions drawn, and the opinions and recommendations expressed
are correct at the time of reporting, Eliot Sinclair has not performed an assessment of all possible
conditions or circumstances that may exist at the site. Variations in condit ions may occur between
investigatory locations and there may be conditions such as subsoil strata and features that were not
detected by the scope of the investigation that was carried out or have been covered over or
obscured over time. Additionally, on-going seismicity in the general area may lead to deterioration
of ground conditions that could not have been anticipated at the time of writing this report. Eliot
Sinclair does not provide any warranty, either express or implied, that all conditions wilonform exactly
to the assessments contained in this report.

The exposure of conditions that vary from those described in this report, or occurrence of additional
sfrong seismicity, or any future update of MBIE's guidelines may require a review of our
recommendations. Eliot Sinclair should be contacted to confirm the validity of this report should any
of these occur.

This report has been prepared for the benefit of CVI Projects Ltd and the regulatory authority for the
purposes as stated above. This rep ort is specifically prepared for the proposed Plan Change
application and should not be used to support any future consent application without prior review
and approval by Eliot Sinclair. No liability is accepted by Eliot Sinclair or any of their employee s with
respect to the use of this report, in whole or in part, for any other purpose or by any other party.
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Appendix A. Nearby Borehole and Well Records

Geotechnical Assessment Report - Version A
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N 5206283
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PROJECT NO. 506685
Westpark - Inch Land Geotechnical Investigation
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Rangiora
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h 2 Water Level
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In-situ Vane Shear Test
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Report ID: AGS4 BOREHOLE RECORD WITH INSTALLATION || Project: WESTPARK - INCH LAND.GPJ || Library: AGS 4_0.GLB || Date: 30 July 2019
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FLUSHING MEDIUM Water
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Borelog for well BW24/0207 Environment

Grid Reference (NZTM): 1569103 mE, 5206099 mN
Location Accuracy: 10-50m RCapte{lgury |.
Ground Level Altitude: 25.2 m +MSD Accuracy: <25 m eglona ounci

Driller: East Coast Drilling Kaunihera Taiao ki Waitaha

Drill Method: Air Rotary
Borelog Depth: 18.0 m  Drill Date: 15-Jul-2014
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Borelog for well M35/1837

Grid Reference (NZTM): 1569000 mE, 5206049 mN

Location Accuracy: 50-300m
Ground Level Altitude: 25.2 m +MSD Accuracy:<2.5m
Driller: Not Known

Drill Method: Unknown
Borelog Depth: 6.0 m Drill Date: 01-Feb-1982
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Borelog for well BW24/0632

Grid Reference (NZTM): 1569031 mE, 5206011 mN

Location Accuracy: 50-300m

Ground Level Altitude: 25.2 m +MSD Accuracy: <25 m

Driller: Hydrill
Drill Method: Dual Rotary
Borelog Depth: 15.0 m  Drill Date: 05-Aug-2021

Scale(m)
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Lavel Depth{m)
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Full Drillers Description
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Borelog for well M35/0366

Grid Reference (NZTM): 1568873 mE, 5205963 mN

Location Accuracy: 1-2m

Ground Level Altitude: 26.1 m +MSD Accuracy: <0.1m

Driller. Clemence Drilling Contractors
Drill Method: Cable Tool
Borelog Depth: 14.8 m  Drill Date: 08-Apr-1999

Scale(m)

Wster

Level Depth{m)

Environment
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Regional Council

Kaunihera Taiao ki Waitaha

Full Drillers Description
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Scale(m)

Borelog for well M35/7658
Grid Reference (NZTM): 1568905 mE, 5205894 mN
Location Accuracy: 2-15m
Ground Level Altitude: 25.8 m +MSD Accuracy: <05 m
Driller: George Wheeler Welldrilling
Drill Method: Rotary/Percussion

Borelog Depth: 11.0 m  Drill Date: 19-Mar-1997
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Borelog for well M35/0276

Grid Reference (NZTM): 1569300 mE, 5205779 mN
Location Accuracy: 50 -
Ground Level Altitude: 23.6 m +MSD Accuracy: <25 m

300m

Driller: McMillan Drilling Ltd

Drill Method: Unknown

Environment

Canterbury
Regional Council

Kaunihera Taiao ki Waitaha

Borelog Depth: 323 m  Drill Date: 01-Mar-1972

Wster

Scale(m) Level Depth{m)
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Appendix B. McMillan CPT Testing Records

el iol- Geotechnical Assessment Report - Version A
sinc|cir 518 Rangiora Woodend Road & 4 Golf Links Road, Rangiora

511185 eliotsinclair.co.nz
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(CPT) REPORT MCMILLAN Dirilling
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Location:518 Rangiora Woodend Road,
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Standards: I1SO 22476-1:2012 - Application Class 2 silty sands
Effective RefusalDense sand to gravelly
Zero load outputs (MPa) Tipsand

Tip Resistance Gaugestiff sand to cl
P gestiff sand to clayey Clay - organic soil
Client: Clays: clay to silty clay
Eliot Sinclair & Partne

MCMI I.LAN DI'I | | l n g " Sit mixtures: clayey sit[g

Generated with Core-GS by Geroc

Notes & Limitations 518 Rar'g'ora Woodend Roa Remarks

d various geotechnical soil

IData shown on this report has been assessed to provide a Rasic interpretation in terms of Sail Behaviour Type (SBT) an
and ﬁi@l&@ﬂ?ﬂ?@%'%ﬁ@?&?@%ﬂ%@h@#ﬁ&a‘ﬂ Iﬂaff.@gﬁéon and K.L. Cabal, Guide to Cone Penetration Testing for Geotechnical

Engineering. The interpretations are presented only as a guide for geotechnical use, and should be carefully reviewed by the user. No warranty is

préariciReferaneerrd&nosk ot draph D26 A S3rofh T tebhnitaadhald &RGn parameters shown aRd@loes not assume any liability]

for any us, of the, resul any design or revi he user should be fully aware of the techniques and limitations of any method used to derive
s shoFISVARIOR 00T Balli 75500 f Sheet 1 of 1
SC
RAW DATA a sand

Local-Fricti Inclinomaeter



Standards: I1SO 22476-1:2012 - Application Class 2 silty sands
Effective RefusalDense sand to gravelly
Zero load outputs (MPa) Tipsand

Tip Resistance Gaugestiff sand to cl
P gestiff sand to clayey Clay - organic soil
Client: Clays: clay to silty clay
Eliot Sinclair & Partne

MCMI I.LAN DI'I | | l n g " Sit mixtures: clayey sit[g

Generated with Core-GS by Geroc

Notes & Limitations 518 Rar'g'ora Woodend Roa Remarks

d various geotechnical soil

IData shown on this report has been assessed to provide a Rasic interpretation in terms of Sail Behaviour Type (SBT) an
and ﬁi@l&@ﬂ?ﬂ?@%'%ﬁ@?&?@%ﬂ%@h@#ﬁ&a‘ﬂ Iﬂaff.@gﬁéon and K.L. Cabal, Guide to Cone Penetration Testing for Geotechnical

Engineering. The interpretations are presented only as a guide for geotechnical use, and should be carefully reviewed by the user. No warranty is

préakiciReferancerrd&no2 k8. i dp 2 03 2 Sy oYt ZEM chiriea sthiedd daRSign parameters shown aRd@ioes not assume any liability|

for any us, of the, resul any design or revi he user should be fully aware of the techniques and limitations gf any method used to derive|
s shoFISVARIOR 00T Balli 75500 ¥ Sheet 1 of 1
SC
RAW DATA a sand

Local-Fricti Inclinomaeter



Standards: I1SO 22476-1:2012 - Application Class 2 silty sands
Effective RefusalDense sand to gravelly
Zero load outputs (MPa) Tipsand

Tip Resistance Gaugestiff sand to cl
P gestiff sand to clayey Clay - organic soil
Client: Clays: clay to silty clay
Eliot Sinclair & Partne

MCMI I.LAN DI'I | | l n g " Sit mixtures: clayey sit[g

Generated with Core-GS by Geroc

Notes & Limitations 518 Rar'g'ora Woodend Roa Remarks

d various geotechnical soil

IData shown on this report has been assessed to provide a Rasic interpretation in terms of Sail Behaviour Type (SBT) an
and ﬁi@l&@ﬂ?ﬂ?@%'%ﬁ@?&?@%ﬂ%@h@#ﬁ&a‘ﬂ Iﬂaff.@gﬁéon and K.L. Cabal, Guide to Cone Penetration Testing for Geotechnical

Engineering. The interpretations are presented only as a guide for geotechnical use, and should be carefully reviewed by the user. No warranty is

préakiciReferancerd&no308. faraph/ 02069 @S SrofthéZdtebhnidandhald &RGn parameters shown aRd@loes not assume any liability|

for any us, of the, resul any design or revi he user should be fully aware of the techniques and limitations of any method used to derive
s shoFISVARIOR 00T Balli 75500 f Sheet 1 of 1
SC
RAW DATA a sand

Local-Fricti Inclinomaeter



Standards: I1SO 22476-1:2012 - Application Class 2 silty sands
Effective RefusalDense sand to gravelly
Zero load outputs (MPa) Tipsand

Tip Resistance Gaugestiff sand to cl
P gestiff sand to clayey Clay - organic soil
Client: Clays: clay to silty clay
Eliot Sinclair & Partne

MCMI I.LAN DI'I | | l n g " Sit mixtures: clayey sit[g

Generated with Core-GS by Geroc

Notes & Limitations 518 Rar'g'ora Woodend Roa Remarks

d various geotechnical soil

IData shown on this report has been assessed to provide a Rasic interpretation in terms of Sail Behaviour Type (SBT) an
and ﬁi@l&@ﬂ?ﬂ?@%'%ﬁ@?&?@%ﬂ%@h@#ﬁ&a‘ﬂ Iﬂaff.@gﬁéon and K.L. Cabal, Guide to Cone Penetration Testing for Geotechnical

Engineering. The interpretations are presented only as a guide for geotechnical use, and should be carefully reviewed by the user. No warranty is

préariciReferancerrd&no 1ot Garaph 02069 72 &3rofh@Zdtebhnitaadhald &Rgn parameters shown aRdGioes not assume any liability|

for any us, of the, resul any design or revi he user should be fully aware of the techniques and limitations gf any method used to derive|
s shoFISVARIOR 00T Balli 75500 ¥ Sheet 1 of 1
SC
RAW DATA a sand

Local-Fricti Inclinomaeter
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TEST DETAIL

PointID:
Sounding:
E. Diaz Farias
Pagani Piezocone - Compression
Before test After test
Zero load outputs (MPa)
Tip Resistance 24.3466 24.3518 Local Friction 0.2561
Pore Pressure 2.9479 2.9484
PointID: CPTu002
Sounding: 1
Operator: E. Diaz Farias
Cone Type: Pagani Piezocone - Compression
Cone Reference: MKS364
Cone Area Ratio: 0.79
Zero load outputs (MPa)  Before test After test
Tip Resistance 24.3623 24.2736
Local Friction 0.2564 0.2569
Pore Pressure 2.9480 2.9455
PointID: CPTu003
Sounding: 1

Operator: E. Diaz Farias
Cone Type: Pagani Piezocone - Compression
Cone Reference: 000328
Cone Area Ratio: 0.79

MCMILLAN Dirilling

Date: Termination
Predrill: I:l
Water Level: Target Depth
Collapse:
Effective
Refusal
Tip
Gauge
Inclinometer
v
0.2563
Other
Date: 1/8/2023
Predrill: 0.00m Termination

Water Level: 1.58m
Collapse: 1.90m

Target Depth

Effective Refusal
Tip

Gauge
Inclinometer
Other

L]
|
]
|

Date: 1/8/2023
Predrill: 0.00m
Water Level: -

Termination
Target Depth
Collapse: 1.30m

Effective Refusal I:l

Pore Pressure
Other
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TEST DETAIL

PointID: CPTu001
Sounding: 1
Operator: X .
E. Diaz Farias
Cone Type: Pasqgani Piezocone - Compression
Cone Reference: MKS364
Cone Area Ratio: 0.79
Before test  After test
Zero load outputs (MPa)  Before test After test
Tip Resistance 28.6852 28.6903
Local Friction 0.2388 0.2394
Pore Pressure 2.9794 2.9783
PointID: CPTuO003A
Sounding: 1
Operator: E. Diaz Farias
Cone Type: Pagani Piezocone - Compression
Cone Reference: MKS364
Cone Area Ratio: 0.79
Zero load outputs (MPa)  Before test After test
Tip Resistance 24.3101 24.3518
Local Friction 0.2567 0.2564
Pore Pressure 2.9479 2.9487
PointID: CPTu004
Sounding: 1

Operator: E. Diaz Farias
Cone Type: Pagani Piezocone - Compression
Cone Reference: 000328
Cone Area Ratio: 0.79

Zero load outputs (MPa)  Before test After test

MCMILLAN Dirilling

Date: 1/8/2023 Termination
predrill: 200 ]
Water Level: ;.70m Target Depth
Collapse:
Effective
Refusal
Tip
Gauge
Inclinometer
Tip
Gauge
Inclinometer
Other
]
|
|
Date: 1/8/2023
Predrill: 0.00m Termination

Water Level: 1.65m
Collapse: 1.70m

Target Depth

Effective Refusal
Tip

Gauge
Inclinometer
Other

[]

BN

Date: 1/8/2023
Predrill: 0.00m
Water Level: -

Termination
Target Depth
Collapse: 2.40m

Effective Refusal

Tip I:l

Pore Pressure
Other
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TEST DETAIL

PointID:
Sounding:
E. Diaz Farias
Pagani Piezocone - Compression
Before test  After test
Tip Resistance 28.7056 28.6801
Local Friction 0.2376 0.2398
2.9808 2.9779
Zero load outputs (MPa)
Tip Resistance 24.3466 24.2736 Local Friction 0.2566
Pore Pressure 2.9480 2.9463
PointID: CPTu006
Sounding: 1
Operator: E. Diaz Farias
Cone Type: Pagani Piezocone - Compression
Cone Reference: MKS364
Cone Area Ratio: 0.79
Zero load outputs (MPa) Before test After test
Tip Resistance 24.3205 24.2370
Local Friction 0.2573 0.2563
Pore Pressure 2.9481 2.9469
PointlD: CPTuO06A
Sounding: 1

Operator: E. Diaz Farias
Cone Type: Pagani Piezocone - Compression

MCMILLAN Drilling

Date: Termination
Predrill: I:l
Water Level: Target Depth
Collapse:
Effective
Refusal
Tip
Gauge
Inclinometer
Gauge
Inclinometer
v
0.2569
Other

L]

Date: 1/8/2023
Predrill: 0.00m
Water Level: -

Termination
Target Depth
Collapse: 1.10m
Effective Refusal
Tip
Gauge
Inclinometer
Other

Date: 1/8/2023

Predrill: 0.00m Termination

Pore Pressure
Other
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TEST DETAIL

PointID: CPTu005
Sounding: 1
Operator: X .
E. Diaz Farias
Cone Type:

Sqz‘anl Piezocone - Compression
Cone Reference: MK

Cone Area Ratio: 0.79

Before test  After test

Cone Reference: 000328
Cone Area Ratio: 0.79

Zero load outputs (MPa)  Before test After test
Tip Resistance 28.6852 28.6495

Local Friction 0.2371 0.2375
Pore Pressure 2.9791 2.9794
PointlD: CPTu007

Sounding: 1
Operator: E. Diaz Farias
Cone Type: Pagani Piezocone - Compression
Cone Reference: MKS364
Cone Area Ratio: 0.79

Zero load outputs (MPa) Before test After test
Tip Resistance 24.2110 24.2527

Local Friction 0.2564 0.2563
Pore Pressure 2.9480 2.9491
PointID: CPTu008

Sounding: 1
Operator: E. Diaz Farias
Cone Type: Pagani Piezocone - Compression
Cone Reference: MKS364

MCMILLAN Dirilling

Date: 1/8/2023
Predrill: 0.00m
Water Level:

1.40m
Collapse:

Water Level: -
Collapse: 0.60m

Date: 2/8/2023
Predrill: 0.00m
Water Level: -
Collapse: 1.50m

Date: 31/7/2023
Predrill: 0.00m
Water Level: 1.10m

Termination

Target Depth

[]
Effective
Refusal
[]
V]

Gauge
Inclinometer
Target Depth

Effective Refusal
|V
Tip

Inclinometer
Other

Gauge =
||

Termination
Target Depth

Effective Refusal
Tip
Gauge

Inclinometer
Other

L]
|
[

Termination
Target Depth I:l

Pore Pressure
Other
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TEST DETAIL

PointID:
Sounding:
E. Diaz Farias
Pagani Piezocone - Compression
Before test  After test
Cone Area Ratio: 0.79
Zero load outputs (MPa)  Before test After test
Tip Resistance 24.3623 24.3466
Local Friction 0.2557 0.2558
2.9490 2.9487
CPTu009
1
Operator:
Cone Type:
Cone Reference: 000328
Cone Area Ratio: 0.79
Zero load outputs (MPa)
Tip Resistance 28.7312 28.6699 Local Friction 0.2382
Pore Pressure 2.9804 2.9790
PointlD: CPTu010
Sounding: 1
Operator: E. Diaz Farias
Cone Type: Pagani Piezocone - Compression
Cone Reference: MKS364
Cone Area Ratio: 0.79
Zero load outputs (MPa)  Before test After test
Tip Resistance 24.1901 24.2892
Local Friction 0.2563 0.2564
Pore Pressure 2.9439 2.9464
PointlD: CPTu011
Sounding: 1

Operator: E. Diaz Farias
Cone Type: Pagani Piezocone - Compression

MCMILLAN Dirilling

Date: Termination
Predrill:
Water Level: Target Depth
Collapse:

Effective
Refusal
Tip

Gauge
Inclinometer
Collapse: 1.80m
Effective Refusal

Tip

Gauge

Inclinometer

31/7/2023
0.00m
0.80m
2.30m
0.2389 v
Other

Date: 31/7/2023
Predrill: 0.00m
Water Level: -

Termination
Target Depth
Collapse: 1.55m
Effective Refusal
Tip
Gauge
Inclinometer
Other

Date: 31/7/2023

Predrill: 0.00m Termination

L]

Pore Pressure
Other
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TEST DETAIL

PointID:
Sounding:
E. Diaz Farias
Pagani Piezocone - Compression
Before test  After test
Cone Reference: MKS364
Cone Area Ratio: 0.79
Zero load outputs (MPa)  Before test After test
Tip Resistance 24.2683 24.2892
Local Friction 0.2570 0.2563
Pore Pressure 2.9475 2.9219
PointlD: CPTu012
Sounding: 1
Operator: E. Diaz Farias
Cone Type: Pagani Piezocone - Compression
Cone Reference: 000328
Cone Area Ratio: 0.79
Zero load outputs (MPa)  Before test After test
Tip Resistance 28.6699 28.6954
Local Friction 0.2393 0.2393
Pore Pressure 2.9797 2.9791
PointID: CPTu013
Sounding: 1

Operator: E. Diaz Farias
Cone Type: Pagani Piezocone - Compression
Cone Reference: MKS364

MCMILLAN Dirilling

Date: Termination
Predrill:
Water Level: Target Depth
Collapse:

Effective
Refusal
Gauge
Inclinometer
Water Level: 1.10m Target Depth I:l
Collapse: 1.80m
Effective Refusal

Tip
Inclinometer
Other

Gauge =
|

N

[TTT]

Date: 31/7/2023
Predrill: 0.00m
Water Level: 1.10m

Collapse: 1.80m

Termination
Target Depth

Effective Refusal
Tip

Gauge
Inclinometer
Other

L]
|
|

Date: 1/8/2023
Predrill: 0.00m
Water Level: -

Termination
Target Depth I:l

Pore Pressure
Other



TEST DETAIL

PointID:
Sounding:
E. Diaz Farias
Pagani Piezocone - Compression

Before test  After test

Cone Area Ratio: 0.79

Zero load outputs (MPa)  Before test After test
Tip Resistance 24.3362 24.3623
Local Friction 0.2562 0.2559
2.9491 2.9497

MCMILLAN Drilling

Generated with Core-GS by Geroc

Date:

Predrill:

Water Level:
Collapse:

Collapse: 1.70m

Termination

Target Depth

Effective
Refusal
Tip
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Inclinometer

Effective Refusal
Tip
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Inclinometer

Pore Pressure
Other
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-DISSIPATION TESTS

PointID:
Test Depth: Duration:
CPTu002
248

1800 seconds

uf: 7.7 kPa (manual pick)

Pressure (kPa)

-6 /\/_,\/-\/UVV

MCMILLAN Dirilling
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30
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-DISSIPATION TESTS

PointID:
Test Depth: Duration:
CPTu004
4.86

1500 seconds

uf: 21.0 kPa (manual pick)

(kPaL

—
(6, ]

Pressure

—
o

MCMILLAN Dirilling

15 20 25
Square Root Time (sec)

30

35 40
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-DISSIPATION TESTS

PointID:
Test Depth: Duration:
CPTu005
2.94

600 seconds

uf: 8.7 kPa (manual pick)

Pressure (kPa)

MCMILLAN Dirilling
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Square Root Time (sec)

20

25
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-DISSIPATION TESTS

PointID:
Test Depth: Duration:
_ CPTu006
1.11

1200 seconds

Insufficient pore pressure

o
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o
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-DISSIPATION TESTS

PointID:
Test Depth:

CPTu007
1.69

Duration:

1800 seconds

Insufficient pore pressure

o

!\(’kPaL

Pressure
!\)
o
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w

=
o

o
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o
o
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-DISSIPATION TESTS

PointID:
Test Depth: Duration:
CPTu009
12.80

1500 seconds

uf: 110.1 kPa (manual pick)

150

100

50

Pressure (kPa)

-100

MCMILLAN Dirilling

15 20 25

Square Root Time (sec)

30

35 40
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-DISSIPATION TESTS

PointID:
Test Depth: Duration:
CPTuO10
7.64

900 seconds

uf: 63.1 kPa (manual pick)
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(€3]
o

(kPa)

Pressure
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MCMILLAN Dirilling
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-DISSIPATION TESTS

PointID:
Test Depth: Duration:

CPTuO11
9.05

1200 seconds

uf: 76.7 kPa (manual pick)

70

&kPaL

o

Pressure
3

w
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N
o

—
o

MCMILLAN Dirilling
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Square Root Time (sec)

30
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-DISSIPATION-TESTS
TEo1D

PointID:
Test Depth: Duration:
CPTu012
10.23 1200 seconds uf: 96.4 kPa (manual pick)
120
100

I

Pressure (kPa)
\

MCMILLAN Dirilling

15 20 25
Square Root Time (sec)

30

35
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CPT CALIBRATION AND TECHNICAL NOTES

These notes describe the technical specifications and associated calibration references pertaining to the
Pagani piezocone types measuring cone resistance, sleeve friction, inclination and pore pressure
(piezocone, 10cm?)

Dimensions
Dimensional specifications are detailed below. All tolerances are routinely checked prior to testing and
measurements taken are electronically recorded. All records are kept on file and available on request.

Tip Friction Pore Pressure Inclination
Maximum Measuring Range: 50 - 100 MPa 1.60 MPa 2.50 MPa 0° - 20°
Resolution: 24 bit 24 bit 24 bit 12 bit
Accuracy: 0.005 MPa 0.04 MPa 0.04 MPa 0.5°
Length: 320 mm Weight: 1.8 kg
Diameter: 358 mm Opening angle of bit: 60°
Cone base area: 10 cm? Side sleeve surfaces: 150 cm?
. ] N Tip and Local Friction sensor

Cone area ratio: Varies - refer to cone certificate displacement: 80 mm

FRONT FS SUEEVE

REAR FS SLEEVE
STAIMLESS STOIL RDNG
/_ oo TP
/ A
74 El J
f -8B A j

Technical specifications

MCMILLAN Drilling
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CONE CERTIFICATES

MCMILLAN Dirilling
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CONE CERTIFICATES

MCMILLAN Dirilling
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Appendix C. Pro-drill Borehole Drilling Testing Records

el iol- Geotechnical Assessment Report - Version A
sinc|cir 518 Rangiora Woodend Road & 4 Golf Links Road, Rangiora

511185 eliotsinclair.co.nz



_— Canterbury Maps
canterbury
maps

PR RS = Y BRI E ! : ,
Borehole Drilling Test Location Plan with Deep CPTs
518 Rangiora Woodend Road and 4 Golf Links Road

O Borehole Drilling Tests
. Deep CPT Tests

Information has been derived from various organisations, including Environment Canterbury and the
Canterbury Maps partners. Boundary information is derived under licence from LINZ Digital Cadastral 0.03 0.05 0.08
Database (Crown Copyright Reserved). Environment Canterbury and the Canterbury Maps partners do
not give and expressly disclaim any warranty as to the accuracy or completeness of the information or its
fitness for any purpose.

Scale: 1:2,000 @A3

Information from this map may not be used for the purposes of any legal disputes. The user should
independently verify the accuracy of any information before taking any action in reliance upon it.

"|Gravel Location:0.3m bgl
‘|Gravel Thickness: 0.3-8.5(8.2m)
Ground Water Depth (GWD): 2.9m bgl

Gravel:0.5m bgl
Thickness: 0.5-8.45(8m)
GWD: 2.3m bgl

Gravel:0.3m bgl

0.1
Kilometres

Map Created by Canterbury Maps on 30/03/2023 at 9:42 AM

Thickness: 0.3-8.05(7.8m)

GWD: 2.2m bgl

BH 06
o

Gravel:2.8m bgl
Thickness: 2.8-7.3(4.5m)
GWD: 2.4m bgl

Refusal Depth: 12.8m bgl
GWD(dissipation): 1.6m bgl

il Refusal Depth: 9.05m byl
GWD(dissipation): 1.2m bgl




PRQ-DRILL

SPECIALIST DRILLING ENGINEERS

OCTOBER 06, 2023
DRILLING REPORT PREPARED FOR

ELIOT SINCLAIR

#JOB-2144 - 518 Rangiora Woodend Rd and 4 Golf Links Road

518 Rangiora Woodend Road

Pro-Drill (Auck) Ltd

11 Alpito Place, Pukekohe, Auckland, New Zealand
www.prodrill.co.nz

0800 477 637




PRO-DRILL

SPECIALIST DRILLING ENGINEERS

5] BORE HOLE REPORT

HOLE NAME BH-01 04.10.2023
LOCATION E1569113 N 5206109 JOB-2144

518 Rangiora Woodend Road
CUSTOMER Eliot Sinclair FRASTE CRS XLI

Maggie Guo,64 20 4185 3681
MG@eliotsinclair.co.nz

(HE: 81.5%)
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PRO-DRILL

SPECIALIST DRILLING ENGINEERS

5] BORE HOLE REPORT

HOLE NAME BH-02 04.10.2023
LOCATION E1569203 N 5206052 JOB-2144

518 Rangiora Woodend Road
CUSTOMER Eliot Sinclair FRASTE CRS XLI

Maggie Guo,64 20 4185 3681
MG@eliotsinclair.co.nz

(HE: 81.5%)

DRILLLOGS
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PRO-DRILL

SPECIALIST DRILLING ENGINEERS

5] BORE HOLE REPORT

HOLE NAME BH-03 04.10.2023
LOCATION E1569312 N 5205985 JOB-2144

518 Rangiora Woodend Road
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Appendix D. CPT Based-Liquefaction Analysis Report

el iol- Geotechnical Assessment Report - Version A
sinc|cir 518 Rangiora Woodend Road & 4 Golf Links Road, Rangiora

511185 eliotsinclair.co.nz



This software is licensed to: Eliot Sinclair & Partners Ltd
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- Cone Input parameters and analysis data
Analysis method: B&I (2014)
Fines correction method: B&I (2014)
Points to test: Based on Ic value

Earthquake magnitude Mw:  7.50
Peak ground acceleration: 0.13
Depth to water table (insitu): 1.60 m

resistance

N/A

No

Yes

Sands only
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Project file: G:\Jobs\51\511185\Docs\Geo\Geotech Report\CPT-Based Liquefaction Assessment\CPT 09-12_Liquefaction Assessment.clq
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This software is licensed to: Eliot Sinclair & Partners Ltd

Liquefaction analysis overall plots

CRR plot FS Plot Liquefaction severity number Vertical settlements
00000 - - - _
0.50.50.50.50.5 - - - _
11111 - - - -
interpreta

tion plots
Friction Ratio

N/A

No

Yes

Sands only
Yes

10.00 m

F.S. color scheme LSN color scheme
- in it will li | Severe damage
D Almost certain it will liquefy [ 9
. . Major expression of liquefaction
Very likely to |
| .ery ! e.y o liquefy i ) E Moderate to severe exp. of liquefaction
O Liquefaction and no lig. are equally likely B Moderate expression of liquefaction
. Unlike to liquefy o Minor expression of liquefaction

Almost-certain-it-will-not-liquefy ftle to no expression of liquefaction

Project file: G:\Jobs\51\511185\Docs\Geo\Geotech Report\CPT-Based Liquefaction Assessment\CPT 09-12_Liquefaction Assessment.clq



This software is licensed to: Eliot Sinclair & Partners Ltd

1

Depth to GWT (erthg.): 1.10 m Fill weight:
Transition detect. applied:

Average results interval: 3

Ic cut-off value: 2.60
Ko applied: 1. Sensitive

fine grained

Unit weight calculation:  Based on SBT  Clay

like behavior applied: 2. Organic material

Use fill: No Limit depth
applied:
Fill height: N/A

Limit depth: 3. Clay to
silty clay
CPT name: CPT09_SLS1

SBT legend

N/A

No

Yes

Sands only
Yes

10.00 m

Project file: G:\Jobs\51\511185\Docs\Geo\Geotech Report\CPT-Based Liquefaction Assessment\CPT 09-12_Liquefaction Assessment.clq



This software is licensed to: Eliot Sinclair & Partners Ltd

Liquefaction analysis overall plots

CRR plot FS Plot Liquefaction severity number Vertical settlements

~ 00000 - - - -

~ 0.50.50.50.50.5 - - - -

-1 - - - -

- Soil - - - -

Behaviour Type
F.S. color scheme LSN color scheme
- in it will Ti [ Severe damage
N/A o Almost certain it will liquefy m 9
No . . Major expression of liquefaction
Very likely to |

Yes |:| .ery : e.y 0 liquefy . . E Moderate to severe exp. of liquefaction
Sands only O Liquefaction and no lig. are equally likely B Moderate expression of liquefaction
Yes Unlike to liquefy Minor expression of liquefaction
10.00 m =] m lquete

Almost-certain-it-will-not-liquefy ftle to no expression of liquefaction

Project file: G:\Jobs\51\511185\Docs\Geo\Geotech Report\CPT-Based Liquefaction Assessment\CPT 09-12_Liquefaction Assessment.clq



This software is licensed to: Eliot Sinclair & Partners Ltd

o
0.5
1
012345678 J1112131415161718 B 4 clayeysittosity 7. Glavkly sand to sand
SBT (RHertson et al. O s Silty sand to sandy silt a8 s Very stiff sand to
1986) [l O O

CLig v.2.3.1.15 - CPT Liquefaction Assessment Software - Report created on: 23/10/2023, 2:10:47 pm CPT name: CPT09_SLS1

N/A

No

Yes

Sands only
Yes

10.00 m

6. Clean sand to silty sand

9. Very stiff fine grained

Project file: G:\Jobs\51\511185\Docs\Geo\Geotech Report\CPT-Based Liquefaction Assessment\CPT 09-12_Liquefaction Assessment.clq



lacements

P

Lateral dis

Vertical settlements

Liquefaction severity number

Liquefaction analysis overall plots

FS Plot

CRR plot

0.50.50.50.50.5

00000
11111

This software is licensed to: Eliot Sinclair & Partners Ltd

Major expression of liquefaction

V=Tal=Y
=4

color schemei___________________

__..-..__.._..__...!..__.._..__.._.___.

Moderate to severe exp. of liquefaction
Moderate expression of liquefaction
Minor expression of liquefaction

g_ B B S ———

Qetoemmmcmemree e ————
R S e e
[ T TSP
e D e AanC TR
T

2- ssssssssssssssssssfsssssssssssnnnnssss
3_ P RN R———

10.5---mmmmemmmmmm

9.5 frmmmmmmmemmnemm e e
T o

Y B

v
i
H
;
:
i
'
'
i
H
:
:
i
'
'
i
i
;
:
v
'
i
H
:
:
i
'
'
i
i
:
:
i
'
'
i
:
T

n

o

1.5
Py 78 ORI NE———

o
]
(|

BE
(w) ydeg

Liquefaction and no lig. are equally likely

=
g
k= [t
= 9]
o =]
o o
> =
g8 e
= 9]
X~
§ 2%
> ]

Almaost ¢

(w) yadag

No

Yes

Sands only
Yes

10.00 m

! ) ) } W 1 o~
ol ™ < ]

(w) yrdag

1.5
7.5
8.5
9.5
10.5
11.5
12.5

L EERELNEER RN RN

[P S
T
¥
P S ————
i ¥
P - ——————
{ I S ———
ISR I ——
brsssasssssssabsssssssssnns

R
!
[
¥
e et
[
[
[
[
Foe=ssssssssspesssssssee-
¥
[

10 -~

SN St - it S—

— ..-..__).._..__.._.._!..._..__.._..

1.5
2 [ SE—

[ i i Sttt Sttt

4- S—— Rp—
5- PEPP T B
5.5+ d—
7_ S— Y-
9- ssssssccales
B e

9.5}

10.5 ===}

12.54-------4--
13

(w) yadag

Project file: G:\Jobs\51\511185\Docs\Geo\Geotech Report\CPT-Based Liquefaction Assessment\CPT 09-12_Liquefaction Assessment.clq



This software is licensed to: Eliot Sinclair & Partners Ltd

0 0.2 0.4 0.6

CRR & CSR

Input parameters and analysis data

0.5 1

1.5 2 on detect. applied: Ko

Factor of safety applied:

Clay like behavior applied:
Limit depth applied:
Limit depth:

“Lig v.2.3.1.15 - CPT Liquefaction Assessment Software - Report created on: 23/10/2023, 2:10:47 pm
Depth to GWT (erthq.):

Analysis method: B&I (2014)

Fines correction method: B&I (2014)
Points to test: Based on Ic value
Earthquake magnitude Mw:  7.50

Peak ground acceleration: 0.13

Depth to water table (insitu): 1.60 m

0 10 20 30 40 50 60
LSN
(cm)

Fill weight:

-+ — v 35 0 3 -

Average results interval:

Ic cut-off value:

Unit weight calculation:
Use fill:
Fill height:

0.5 1 1.5

Settlement (cm)

2

1.10m

3

2.60

Based on SBT

No
N/A

2.5 0
Displacement

N/A

No

Yes

Sands only
Yes

10.00 m

Project file: G:\Jobs\51\511185\Docs\Geo\Geotech Report\CPT-Based Liquefaction Assessment\CPT 09-12_Liquefaction Assessment.clq



This software is licensed to: Eliot Sinclair & Partners Ltd

Liquefaction analysis overall plots

CRR plot FS Plot Liquefaction severity number Vertical settlements
00000 - - - B
0.50.50.50.50.5 - - - -
11111 - - - -
Liquefaction analysijs gverall plots
CRR plot q yg ﬁo? P Vertical settlements Lateral displacements
. . 0 0 0
R - 0.5 -~ i aae e T (T e e
,,,,, 1 pp—— 1_ cassssssassesssssadsssssasassssacaanaan
1.5 f-m--ymerem et e e 1S R -~ AT EREREREEE 1.5 — SRR - -- - 1.5 R -------m=dmmmmemem oo oo I e e R
P R E e e T L -~ -t - [T - --- - --- - 2 2o
|
2,54 2.5 —[EEEE e - - 2.5 2.5 s
] B e = : 5 IR B
ol
3.54 KT - - R 3.5 f---------q--momemeeogee e e 3.5 - e
et e S B - - -- - -~ i TR - - - - - L e e e EEy SRR e S L e
45 b 4,5 T - - - ST 4.5 — R - - - | et SURTE. TR RN e
LT e 1t S - - - - -~ - R - - - - - LR R e aatet SERE SRR LR et USSR
5.5 = 5.5 TR - - -~ I T = aqmunnt et FEEES 5.5 =fmmmmmm e e
E o E — 3 B Gl B B O
5 6.5 S = S 6.5 -~ £ 6.5 - mg oot £ 654
o [=5 o [=5 a
[} (D [4] (D [}
a 79 a I o 79 s [ S A | i e o S e T
7.5 = AT -----+------ e 7.5 B-----p-- -t 7.5 e s
84 = ----- R R et SATEEEEEt SR B --mmm e e
8.5 8.5 —RERERERR - 8.5 -~ pfenedmememccea e faaes 8.5 - e
9 i ----- 9f-F-----d-- e T,
9.5 i 9.5 —(EEEEERERE. - 9.5 -t 9.5 mmmmmmmme e e
10 ------ TR 10 - TR ETTTPETRTREERY 10 — R EE - -- - 10—{f---------q--mmmmcmofem oo oo een 10 -----mmmmmememem e
105+ OB - ------ O 10,5 ff-==snnnnsdrnnnnnnnnnfunnnnnnnanfonans 10,5 mmmnsnnnnnnnnnnne g
B e R e Rt EEE LR S - - - - - B - -- o R R - - - - -- - - (R | e T B
11.54 11.5 SRR - -- - T S 11,5 ----mmmmmmmm e e
B R I et (NP ¥ - - -~ -~ -~ =1~~~ NSRRI === === ===~ R PRy 15 -~ - - 1B.5¥ coloi-scheme - LS -coloi- schemie -~
12.54 12.5 e e~~~ 1- """""""""""""""""" s avere damage | T
13 - ! 'ery Kely o Tiquel =3 :
0 0 0.5 1 1.5 2 0 10 20 30 Yes 50 60 |:| ?_ 1 3 O Moderate to severegexp. of liquefaction
Factor of safety LSN  Sands only O iquefactign idiaric i eadally likely [ |oderatDispiesionerftiguefpction
Yes Unlike to liquefy Minor expression of liquefaction
10.00 m =] @ | o of I

Almaost certain-it will not q eﬁ“ tle fo no expression ar liquerac ion

Project file: G:\Jobs\51\511185\Docs\Geo\Geotech Report\CPT-Based Liquefaction Assessment\CPT 09-12_Liquefaction Assessment.clq



This software is licensed to: Eliot Sinclair & Partners Ltd

Liquefaction severity number
CPT name: CPT09_SLS2
Input parameters and analysis data

Depth to GWT (erthg.): 1.10m

Analysis method: B&I (2014) Aver results interval: 3
Fines correction method: B&I (2014) erage resu s. ervat:
. ) Ic cut-off value: 2.60
Points to test: Based on Ic value Unit weight calculation: ~ Based on SBT
Earthquake magnitude Mw:  6.00 Use fill: No
Peak ground acceleration: 0.19 Fill height: N/A

Depth to water table (insitu): 1.60 m

F.S. color scheme LSN color scheme

Fill weight:
Transition detect.
applied:

Ko applied:

Clay like behavior
applied:

Limit depth applied:

Limit depth:

CLig v.2.3.1.15 - CPT Liquefaction Assessment Software - Report created on: 23/10/2023, 2:13:48

pm

[ Amost certain it W will liquefyS€vere damage

] Major expression of liquefaction
Very likely to O liquefy
D Moderate to B severe exp. of liquefaction Liquefaction and no lig. are equally likelyModerate
expression of = liquefaction

Unlike to liquefyMinor expression of liquefaction
Almost certain it will not liquefyLittle to no expression of liquefaction

N/A

No

Yes

Sands only
Yes

10.00 m

Project file: G:\Jobs\51\511185\Docs\Geo\Geotech Report\CPT-Based Liquefaction Assessment\CPT 09-12_Liquefaction Assessment.clq



This software is licensed to: Eliot Sinclair & Partners Ltd

Liquefaction analysis overall plots

CRR plot FS Plot Liquefaction severity number Vertical settlements
- - - - - 00000
- - B B - 0.50.50.50.50.5
_ _ _ _ _ 1., 1
1 1
1
CPT name:
CPT09_ULS
F.S. color scheme LSN color scheme
N/A E Almost certain it will liquefy = Severe damage vt
No . . Major expression of liquefaction
Yes |:| V.ery I|ke|.y to liquefy . . E Moderate to severe exp. of liquefaction
Sands only O Liquefaction and no lig. are equally likely B Moderate expression of liquefaction
Yes Unlike to liquefy Minor expression of liquefaction
10.00 m =] m lquete

Almost-certain-it-will-not-liquefy ftle to no expression of liquefaction

Project file: G:\Jobs\51\511185\Docs\Geo\Geotech Report\CPT-Based Liquefaction Assessment\CPT 09-12_Liquefaction Assessment.clq



This software is licensed to: Eliot Sinclair & Partners Ltd

0-
0.5~

Lateral displacements

S S ———

2 P I T ———

3_ ssssssssssssssssssfisassssssssensasaases

4_ R B S ———

T

5 S S S

G_ ssssssssssssssssssdesssassssssasesssan)
A D e e TR

8 e B

T i RS

g_ P T —

R Rt

10.5---mmmmemmmmmm

13

1.5

}

(]
'
1
'
'
'
i

-
'
1
'
'
'
]

-
1
1
'
'
'
i

-
¥
1
'
'
'
|

2.5

35

i T— Y,

P P W — T—
T

55

(w) ydaq

oo~
[X=]

(w) ydaq

7.5

e g E )

(w) yrdeq

S———— ._.._-.._.._!..._.._-.._._

U T —
[
¥
¥
'
[
[
[
[
(R

e

{ RPN | RS ——

ISR | S —

R | R ——

i
i
i

-k
'
|
i
i
)

i
i
|
SRR | R—
i
i
i
T

254

IR SS——

4- S ——

5.5~

654

(w) ydaq

7.5 e

g

8.5--mmmnm

10.54------------

B

124---mmmmmeeee
12,5 4----=meum-

13

onl

Ye

10.00

Project file: G:\Jobs\51\511185\Docs\Geo\Geotech Report\CPT-Based Liquefaction Assessment\CPT 09-12_Liquefaction Assessment.clq



ion analysis overall plots

00000
0.50.50.50.50.5
©. 11111
0 0.2
1 15 2
CRR & CSR

Input parameters and analysis data

Analysis method:

Fines correction method:

Points to test:

B&I (2014)
B&I (2014)

Based on Ic value

Earthquake magnitude Mw:  7.50

Peak ground acceleration: 0.35

- 0.4 0.6 0

Factor of safety
Depth to GWT (erthg.): 1.10m
Average results interval: 3
Ic cut-off value: 2.60
Unit weight calculation: Based on SBT

Use fill: No

— Depth to water table (insitu): 1.60 m

CLig v.2.3.1.15 - CPT Liquefaction Assessment Software - Report created on: 23/10/2023, 2:13:51 pm

olor scheme

Cone resistance

Input parameters and analysis data

Analysis method:

Fines correction method:
Points to test:
Earthquake magnitude Mw:  7.50
Peak ground acceleration: 0.13
Depth to water table (insitu): 1.20 m

B&I (2014)
B&I (2014)
Based on Ic value

0 10 20 30 40 50
LSN
Fill weight:
Transition detect. applied:
Ko applied:
Clay like behavior applied:
Limit depth applied:
Limit depth:
N/A
No
Yes
Sands only
Yes
10.00 m

60

- Fill height: N/A °

0 1 2 3 4 5
Settlement (cm)

Almost certain it will liquefy

Very likely to liquefy

Liquefaction and no lig. are equally likely
Unlike to liquefy

EOCOON

OECDEm

0
Displacement (cm)

Severe damage

Major expression of liquefaction
Moderate to severe exp. of liquefaction
Moderate expression of liquefaction
Minor expression of liquefaction

Almost-certain-it-will-not-liquefy ftle to no expression of liquefaction



SBT Plot

Pore pressure

<
Y

0
0.5 -----f-----

CPT basic

,um C
||||| w. —
- = -
e n
[t H i | -
-2 S Saants SRR EE SR -+
o V 1 i i |
sssshsssdecssdecsctencdeccadecaafs
© S TR R "
{ o '3 A -
[3] H §] n
D 5 e ¥ 5 s T Sttt st 7 » S 7> It ¥ > TS S SR ¢ > 1t A S S S b e —
= 1
= il C
£ : s
! SR SRR VU N SO S S R
— [ -
i e e e it il Attt abbeints kil gl
e et SR S O

Ic(SBT)

n oo ono~ o,
w o ~

(w) ypdaq

domma
- S

D e S et s s Ctatel =

e Sl nins “qiaailtt Sl

S

-— —mmmmpm—— —————

————r————

100

i

- ___-__..i.__-_

T
50

e nn--- -__-__.+__-_

R —— __.-__.+__-_

lecsaaas __-____+_-__

u (kPa)

T
0

1
'
i
i
‘=
i
'
'
[
i
'
'
'
'
i
'
'
'
'
'
i
i

-

T e

L e E sl - B Lt TSR SRS S, Y

-50

B_ ————
9_ f——
9.5+
104
11
124---
12,54

i
|
i
i
T

o

1.5
3_ J——

354
4- ssae

454
5

8.5

10.54---

11,54
13

7.5

\n
]

(w) ydag

¢ S S —

i
$mmmmmmpomen e

H

1

'

T

'

'

1

'

'

'

|

T

i
4

1
'
pessssspessssspescsssyesss=s
1
1
1
'
e et SRR S
'
'
'
IS S S S
i
'
i
1

i
2

[ e e e S S
[ e S il S

I R

13

T T e e
105 --==-pmmmmmopemeenfemmoonfeeeee
11_ T T S —
LT e e
124
1254

8.5 -eemmcpencanntes
[0 A -

354X

i

60

¥ W

Sands only

4R-0py)

P W—
S .

_.______.-;:r____.-_____

N/A ...
‘No

e m e m—————————

1 YES

12-----eme

12.5

O Y S

S ——

e e e S
e L e e e L EEEEE R

T R A ——

8 [ SR———

I TR SUNSNSRS
R S

17 R SRR N—
T s T SRS

2.5+
VY78 S VORI WNSUU E—

1.5
24T

13

10.5---mwmmeec e mmeeme oo

(w) ydaq




action analysis overall plots

00000
0.50.50.50.50.5
©. 11111

interpreta
tion plots
Friction Ratio

olor scheme

N/A

No

Yes

Sands only
Yes

10.00 m

EOCOON

Almost certain it will liquefy

Very likely to liquefy

Liquefaction and no lig. are equally likely
Unlike to liquefy

OECDEm

Severe damage

Major expression of liquefaction
Moderate to severe exp. of liquefaction
Moderate expression of liquefaction
Minor expression of liquefaction

Almost-certain-it-will-not-liquefy ftle to no expression of liquefaction




- 0

- 05
-1
Depth to GWT (erthq.):  0.70 m Fill weight: SBT legend
Average results interval: 3 Transition detect. applied:
Ic cut-off value: 2.60
Ko applied: 1. Sensitive
fine grained

Unit weight calculation: ~ Based on SBT  Clay
like behavior applied: 2. Organic material

Use fill: No Limit depth
applied:
Fill height: N/A

Limit depth: 3. Clay to
silty clay
CPT name: CPT10_SLS1

N/A

No

Yes

Sands only
Yes

10.00 m




action analysis overall plots

olor scheme

00000
0.50.50.50.50.5
©. 11111

Soil Behaviour Type

N/A

No

Yes

Sands only
Yes

10.00 m

EOCOON

Almost certain it will liquefy

Very likely to liquefy

Liquefaction and no lig. are equally likely
Unlike to liquefy

OECDEm

Severe damage

Major expression of liquefaction
Moderate to severe exp. of liquefaction
Moderate expression of liquefaction
Minor expression of liquefaction

Almost-certain-it-will-not-liquefy ftle to no expression of liquefaction



- 05 \
-1
_ B o123456789 B 4. clayeysittosity 7. Glably sand to sand
'1112131415161718 D 5. Silty sand to sandy silt D 8. Very stiff sand to
SBT (R@iertson et al. ) o )
1986) 6. Clean sand to silty sand 9. Very stiff fine grained

CLiq v.2.3.1.15 - CPT Liquefaction Assessment Software - Report created on: 23/10/2023, 2:12:00 pm CPT name: CPT10_SLS1

N/A

No

Yes

Sands only
Yes

10.00 m




action analysis overall plots

lacements

Lateral dis

cut

P

demmcm e —————

T IR S——

dessssssssssssnnnnssl

V=Tal=Y
=4

1.5

2 atecsssssssssssssssssfesssssssssssnnnnsss

3 P P N S————

4_ ssssssssssssssssssdesssssssssssssnnses|

Py 78 ORI NE———

R S e e

6_ P RN —
7_ SR R TR S —

v
i
H
;
:
i
'
'
i
H
:
:
i
'
'
i
i
;
:
v
'
i
H
:
:
i
'
'
i
i
:
:
i
'
'
i
:
T

n

o

(w) ydeg

Y B

g_ ssssssssssssssssssdessssssssssssnnnsss

9.5 feemmmmmeemeenn e de e

10.5------msemeennnee

L B

1.5 1.5

1.5

2.5

2.5

3.5

4.5

4.5

(w) yadag

o mn o~
(=3

(w) yrdag

1 o mn ~
n o

(w) ydeg

7.5

.

IR FP— §

fessssssssadessssnsssatsssssssssafsssns)

8-

8.

9.5

10.54

10.5

114

11.5

12.5

— .

R TP ——

| I S——

-

P ——— -}

| S S————

{ I S ———

ISR I ——

¥
[
'
¥
"
[
¥

| ———

brsssasssssssabsssssssssnns

25

4.5 -------

5- ammasaaa
T g

7_ ——————

(w) yadag

7.5---mmm-

8_ e ——

.5 ---m-mmmmm

9 [ S ——

9.5 -rremmnnns

10.54------------

B

11.5F--mnmnnmmm-

13

lor schemelzls_ [

No

Major expression of liquefaction
Moderate to severe exp. of liquefaction
Moderate expression of liquefaction
Minor expression of liquefaction

Liquefaction and no lig. are equally likely

Unlike to liquefy

Very likely to liquefy
Almaost ¢

Sands only

Yes
Yes

12.5-mmeenmmeannnanas
]
O
]
=

10.00 m




- 05
-1
- 0 0.2 0.4
1.5 2
CRR & CSR

Input parameters and analysis data

Analysis method:

Fines correction method:
Points to test:

Earthquake magnitude Mw:

Peak ground acceleration:

B&I (2014)

B&I (2014)

Based on Ic value
7.50

0.13

0.6 0 0.5 1

Factor of safety

Depth to GWT (erthg.): 0.70 m
Average results interval: 3

Ic cut-off value: 2.60

Unit weight calculation: Based on SBT

Use fill: No

Depth to water table (insitu): 1.20 m

0 10 20 30 40 50 60

LSN
Fill weight:
Transition detect. applied:
Ko applied:

Clay like behavior applied:
Limit depth applied:
Limit depth:

CLig v.2.3.1.15 - CPT Liquefaction Assessment Software - Report created on: 23/10/2023, 2:12:00 pm

N/A

No

Yes

Sands only
Yes

10.00 m

Fill height:

0.5 1
Settlement (cm)

N/A

1.5

0
Displacement (cm)




This software is licensed to: Eliot Sinclair & Partners Ltd

CRR plot
- 00000
- . 0.50.50.50.50.5
- ©, 1111

CRR plot

Depth (m)

12.5--mmrmememee

Depth (m)

0

Liquefaction analysis overall plots

FS Plot _
FS Plot

Depth (m)

Ii
-y
P
—
-

0.5 1 1.5 2
Factor of safety

10

20

Liquefaction severity number

30
LSN

4es 50
Sands only
Yes

10.00 m

60

Liquefac_:tion analysis overall plots

Depth (m)

Vertical settlements

o Vertical settlements . Lateral displacements
0.5 J---oeeeneees + ------------- } --------- VT I
' D —— e /18 IR VRS
1.5-f--mmmeeeee fomemmmmemnee = T B
N — - R —
| ------------- --------- e e e
R SR e e 1 SRR A —
35gf-eeee e e T i BRI
Ju — — 1 - J3 IS —
4.5 e e — FY-E WURINI [ —
LR A R L e T
5.5 —f----f------ * ------------- L ---------- 5.5 mfesserssreerrennne e n e s ee e e ene
6 ------------- ---------- L ettt setER LR
65— E— S ?—C_: 6.5
2 T S S— e —
7.5—f--==---mn ------------- ---------- F A B I
e — B S
PP N — 7% I H—
e oo e
9.5f-mmeneemes feemmeensecens feeceeneens 9.5 -mememnnenenane frormeemaenmeenaees
'¥3. color scheme L8N color scheme
10,5 fremmmmmnneees peememeees 10,54 {rmrmm e
T frmnenneeene e R e
LT | RN - L1 ER—— L IR —
o — T SR
12=§*Arra'a;f cortain itwill iquety B severe darmage
|:| 0 .ery ' e.y 1 TqueTy 2 . = Moderate to severg exp. of liquefaction
. qugefacggacﬂlgq‘ bR il@ cr?{f equally likely E M_OderatBism;mine'M Umg‘action
. Unlike to liquefy o N!lnor expression of Ilquefgctlon

Project file: G:\Jobs\51\511185\Docs\Geo\Geotech Report\CPT-Based Liquefaction Assessment\CPT 09-12_Liquefaction Assessment.clq

Almostcertainit-willnot liguefiy— — little to no expression of liquefaction



This software is licensed to: Eliot Sinclair & Partners Ltd

0.5

Liquefaction severity number

N/A
No

Yes

Sands only
Yes

10.00 m

Project file: G:\Jobs\51\511185\Docs\Geo\Geotech Report\CPT-Based Liquefaction Assessment\CPT 09-12_Liquefaction Assessment.clq



This software is licensed to: Eliot Sinclair & Partners Ltd

Liquefaction analysis overall plots

CRR plot FS Plot

00000

. 0.50.50.50.50.5

©. 11111

Input ;;arameters and analysis data
Depth to GWT (erthg.): 0.70m

Analysis method: B&I (2014) A Its interval: 3
Fines correction method: B&I (2014) Verage resu S, interval:
. ) Ic cut-off value: 2.60
Points to test: Based on Ic value Unit weight calculation: ~ Based on SBT
Earthquake magnitude Mw:  6.00 Use fill: No
Peak ground acceleration: 0.19 Fill height: N/A

Depth to water table (insitu): 1.20 m

Fill weight:
Transition detect.
applied:

Ko applied:

Clay like behavior
applied:

Limit depth applied:
Limit depth:

CLig v.2.3.1.15 - CPT Liquefaction Assessment Software - Report created on: 23/10/2023, 2:13:49 pm

F.S. color scheme LSN color scheme
[ |
D Almost certain it will ”quefySevere B damage
0 [
Very likely to liquefy O
D Moderate to severe exp. of 1]

Unlike to liquefyMinor expression of liquefaction
Almost certain it will not liquefyLittle to no expression of liquefaction

CPT name: CPT10_SLS2

Major expression of liquefaction

liquefaction Liquefaction and no lig. are equally likelyModerate expression of liquefaction

N/A

No

Yes

Sands only
Yes

10.00 m

Liquefaction severity number Vertical settlements

F.S. color scheme LSN color scheme
- in it will li | Severe damage
D Almost certain it will liquefy [ 9
. . Major expression of liquefaction
Very likely to |
| .ery ! e.y o liquefy _ . E Moderate to severe exp. of liquefaction
O Liquefaction and no lig. are equally likely B Moderate expression of liquefaction
. Unlike to liquefy o Minor expression of liquefaction

Almost-certain-it-will-not-liquefy ftle to no expression of liquefaction

Project file: G:\Jobs\51\511185\Docs\Geo\Geotech Report\CPT-Based Liquefaction Assessment\CPT 09-12_Liquefaction Assessment.clq



This software is licensed to: Eliot Sinclair & Partners Ltd

0.5

CPT name: CPT10_UL

placements

Lateral dis

L ———
5 R —
demmcm e —————
T IR S——
dessssssssssssnnnnssl

i
|
]
i
i
i
i
i
1
i
H

—
i
i
i

__.._..__.._..__...’._-_.._._-_._-._-_.

e

g_ ssssssssssssssssssdessssssssssssnnnsss

Y B

L B

8 e —
9.5 ~-mmseremaennea-

7_ S T ——

L . T

6 P PR S ——

5_ ssssssssssssssssssdeccsssssacssnanaana

4_ (. T ———
Py 78 ORI NE———

3_ P RN R———

2_ ssssssssssssssssssfsssssssssssnnnnssss

1.5

10,5 ----mmreemmmeee

12,54 ---nmmmeenmeeeee-
13

(w) ydeg

'
'
'

_.__.._-.__.}_..__.._..__.{._..__.._..

.
L . W F——
| I S N
fessssssssnassbosssssssssssdesssanssnns
fesssssssssassbrsnsssssssssdesssasssnnal

B pe

9-+...-.................-.........__..-..

8-
114

8.5
9.5
10f---mmmeeenee

wn

7.5
10.54
12.54

(w) yadag

o n ~
o

(w) ydag

L eal 4 ]l

@)
H ~
— o~ M n o M~ [-2] <2 m o m. N
(7]
(w) yadeq -4
ey
[
2
i T T R
! P . A O
1 ] 1 [l 1 1 [l 1 1 1 [ [ 1 ] - 1
i i i [ 1 i [ 1l 1 1 i i 1 i Qo B
] | i [ ] i [ ] ] ] ' ] ] 0 D
“ Pl b bbb =2
e, PO S— ||lnrlnn.rluanull_.||||rn||L||n|._|||!rn||.rmn|._||||I
! g T o S A AR~
[ = o i i [N T A A
' P . A A A =T
| o P [ A S
1 ] ] 1 1 ' ] [ 1 ] 1 ' ] 1 ] ~— 1
1 [l 1 1 1 1 1 ] ] 1 ] ' 1 1 ) mn 1
i ¥ i i [ i i i [ ] i i [ i i i .ﬂ i
L ¥ I b A A A -
] [ | ] [ ] ' 1 ] ] ] 1 1 ] ] 0 o |
T e -
[ [ A A I
1 ] T ] 1 1 ] Ll 1 1 T Ll | 1 L] 1 1—¢|ﬂ ]
=)
(w) ydag &



This software is licensed to: Eliot Sinclair & Partners Ltd

CRR plot
00000

. 0.50.50.50.50.5

©. 11111
- 0 0.2
CRR & CSR

Input parameters and analysis data
Analysis method: B&I (2014)
Fines correction method: B&I (2014)
Points to test: Based on Ic value
Earthquake magnitude Mw:  7.50

Peak ground acceleration: 0.35

Depth to water table (insitu): 1.20 m

0 10 20 30 40 50 60

LSN
Fill weight:
Transition detect. applied: Ko
applied:

Clay like behavior applied:
Limit depth applied: Limit
depth:

FS Plot

- 0.4 0.6

Liquefaction analysis overall plots

0 05 1 - 1.5 2

Factor of safety

Depth to GWT (erthq.):

Average results interval:
Ic cut-off value:

Unit weight calculation:

Use fill:

Fill height:

2 4
Settlement (cm)

0.70 m

3

2.60

Based on SBT
No

N/A

0
Displacement (cm)

CLiq v.2.3.1.15 - CPT Liquefaction Assessment Software - Report created on: 23/10/2023, 2:13:52 pm

N/A

No

Yes

Sands only
Yes

10.00 m

Liquefaction severity number

F.S. color scheme

Almost certain it will liquefy

Very likely to liquefy

Liquefaction and no lig. are equally likely
Unlike to liquefy

EOCOON

Project file: G:\Jobs\51\511185\Docs\Geo\Geotech Report\CPT-Based Liquefaction Assessment\CPT 09-12_Liquefaction Assessment.clq

Vertical settlements

LSN color scheme

OECDEm

Severe damage

Major expression of liquefaction
Moderate to severe exp. of liquefaction
Moderate expression of liquefaction
Minor expression of liquefaction

Almost-certain-it-will-not-liquefy ftle to no expression of liquefaction



This software is licensed to: Eliot Sinclair & Partners Ltd

-0

- 05

-1

- Cone Input parameters and analysis data
Analysis method: B&I (2014)
Fines correction method: B&I (2014)
Points to test: Based on Ic value

Earthquake magnitude Mw:  7.50
Peak ground acceleration: 0.13
Depth to water table (insitu): 1.20 m

resistance

N/A

No

Yes

Sands only
Yes

10.00 m

Project file: G:\Jobs\51\511185\Docs\Geo\Geotech Report\CPT-Based Liquefaction Assessment\CPT 09-12_Liquefaction Assessment.clq



This software is licensed to: Eliot Sinclair & Partners Ltd

Liquefaction analysis overall plots

Vertical settlements

Liquefaction severity number

FS Plot

CRR plot

00000

0.50.50.50.50.5

11111

/

SBT Plot

CPT basic

Pore pressure

'
daa

k

y sand & sandy i

nd--

4.5

(w) ydag

8.5

e s s e R SR

[ | i
———tmmmmpe e ———
¥ 1 1 '

R R S
T
;

O W—
i

[ |
SR VI
¥ '

i S S 7) Tl e
T
-t
:

i i
Fes—————

] H H o

N -
=1 1 v
S I a7 M
K i J"WT.

e it 4

S

' ¥
—pm———————

————qeaaa
¥

i)

h

e
m©

Moderate to severe exp. of liquefaction
Moderate expression of liquefaction
Minor expression of liquefaction

iy
1]
O

Ill.*lull

ely'ta lique
Lzlqltetfgﬁe)n:;and no qu.4are equally likely
Unlike to liquefy
Almaost ¢

Y=

OOomE

e ik Salalts i il s

S

- Y S K ——- —

1.5

2- anae

2.5

354

7.54--¢
B_ e—

8.5----

9.5

104~

1
'
'

1
I
n
—
—

>
c
o 1S
v o
o
' << w0
: = 9 T Vo
.:L---.._uNlthS > —
' 1 S
Lo
' ] 5)
i i ©
: H o
: ! =
' i g
e o
o
.
' ] '
' H
i i
T T
Nono™m
— ~ ~—
-

I S S

SRR PR P ——

pe——r

L R e

11.5-no

e

demmmmmmm b ——————————
e LR EEEEEER R

Fommmmm e

Sy Y ———-

60

qt (MPa)

254 Peeeeee

4 [ T———
8 [ W ~—

(w) ydaq

-1 7 . S S—

e B et B

9.5 f--sammeeapnnnnaas

(1110 NN SUNNNSN S——

10.5F-----==eeommeeee

11 f-menneee-

:
1
1
|
i
i
i
H
1
1
i
}
H
1
H
1
1
|
|
i
H
\
]

n

-

—

12.54------=-

Project file: G:\Jobs\51\511185\Docs\Geo\Geotech Report\CPT-Based Liquefaction Assessment\CPT 09-12_Liquefaction Assessment.clq



This software is licensed to: Eliot Sinclair & Partners Ltd

- 0

- 0.5

- A 1

) ' interpreta
tion plots

Friction Ratio

N/A

No

Yes

Sands only
Yes

10.00 m

Project file: G:\Jobs\51\511185\Docs\Geo\Geotech Report\CPT-Based Liquefaction Assessment\CPT 09-12_Liquefaction Assessment.clq



This software is licensed to: Eliot Sinclair & Partners Ltd

Liquefaction analysis overall plots

CRR plot FS Plot
00000 - -

- { 0.50.50.50.50.5 - -

- 11111 - -
Depth to GWT (erthg.):  0.70 m Fill weight: SBT legend
Average results interval: 3 Transition detect. applied:
Ic cut-off value: 2.60

Ks applied: 1. Sensitive

fine grained

Based on SBT Clay
2. Organic material

Unit weight calculation:
like behavior applied:

Use fill: No Limit depth
applied:
Fill height: N/A

Limit depth: 3. Clay to
silty clay

CPT name: CPT11_SLS1

N/A

No

Yes

Sands only
Yes

10.00 m

Liquefaction severity number

F.S. color scheme

EOCOON

Almost certain it will liquefy
Very likely to liquefy

Vertical settlements

Liquefaction and no lig. are equally likely
Unlike to liquefy

OECDEm

LSN color scheme

Severe damage

Major expression of liquefaction
Moderate to severe exp. of liquefaction
Moderate expression of liquefaction
Minor expression of liquefaction

Almost-certain-it-will-not-liquefy ftle to no expression of liquefaction

Project file: G:\Jobs\51\511185\Docs\Geo\Geotech Report\CPT-Based Liquefaction Assessment\CPT 09-12_Liquefaction Assessment.clq

4



This software is licensed to: Eliot Sinclair & Partners Ltd

Soil Behaviour Type

N/A

No

Yes

Sands only
Yes

10.00 m

Project file: G:\Jobs\51\511185\Docs\Geo\Geotech Report\CPT-Based Liquefaction Assessment\CPT 09-12_Liquefaction Assessment.clq



This software is licensed to: Eliot Sinclair & Partners Ltd

Liquefaction analysis overall plots
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Input parameters and analysis data

Analysis method: B&I (2014) Depth to GWT (erthg.): 0.10 m Fill weight:
Fines correction method: B&I (2014) Average results interval: 3 Transition detect. applied:
Points to test: Based on Ic value Ic cut-off value: 2.60

Ko applied: 1. Sensitive fine grained

Earthquake magnitude Mw: 7.50 Unit weight calculation: Based on SBT Clay like behavior applied: 2.
Organic material Peak ground acceleration: 0.13 Use fill: No Limit depth applied:

Depth to water table (insitu): 0.40 m Fill height: N/A
Limit depth: 3. Clay to silty clay

CLig v.2.3.1.15 - CPT Liquefaction Assessment Software - Report created on: 20/11/2023,

12:25:43 pm
CPT name: CPT12_SLS1

N/A
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Yes

Sands only
Yes

10.00 m

SBT legend




action analysis overall plots

lor scheme

rere damage

or expression of liquefaction

derate to severe exp. of liquefaction
Jerate expression of liquefaction

or expression of liquefaction

e to no expression of liquefaction

Soil Behaviour Type

Almost certain it will not liquefy

EOCOEDN
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SBT (Robertson et al. 1986)

N/A

No

Yes

Sands only
Yes

10.00 m

3456 Mo 101112131415161718 [ 4. Clayey silt to silty

5. Silty sand to sandy silt
6. Clean sand to silty sand

7. Gl@ly sand to sand

8. Very stiff sand to
9. Very stiff fine grained

CPT name: CPT12_SLS1




Liquefaction analysis overall plots
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This software is licensed to: Eliot Sinclair & Partners Ltd

Liquefaction analysis overall plots

CRR plot FS Plot Liquefaction severity number Vertical settlements
0 0

0.50.50.50.50.5
11111

Input parameters and analysis data

Analysis method: B&I (2014) Depth to GWT (erthg.): 0.10 m Fill weight:

Fines correction method: B&I (2014) Average results interval: 3 Transition detect. applied:
Points to test: Based on Ic value Ic cut-off value: 2.60 Ko applied:

Earthquake magnitude Mw: Unit weight calculation:  Based on SBT Clay like behavior applied:
Peak ground acceleration: Use fill: No Limit depth applied:
Depth to water table (insitu): 0.40 m Fill height: N/A Limit depth:

Clig v.2.3.1.15 - CPT Liguefaction Assessment Software - Report created on: 20/11/2023, 12:25:51 pm

N/A

No

Yes

Sands only
Yes

10.00 m

F.S. color scheme

EOCOEDN

Almost certain it will liquefy
Very likely to liquefy

Liquefaction and no lig. are equally likely
Unlike to liquefy

Almost certain it will not liquefy

CPT name: CPT12_SLS2

LSN color scheme

Severe damage

Major expression of liquefaction
Moderate to severe exp. of liquefaction
Moderate expression of liquefaction
Minor expression of liquefaction

Little to no expression of liquefaction

(0 T I

Project file: G:\Jobs\51\511185\Docs\Geo\Geotech Report\CPT-Based Liquefaction Assessment\CPT 09-12_Liquefaction Assessment.clq
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This software is licensed to: Eliot Sinclair & Partners Ltd

Liquefaction analysis overall plots

CRR plot FS Plot Liquefaction severity number Vertical settlements
0 0

0.50.50.50.50.5
11111

Input parameters and analysis data

Analysis method: B&I (2014) Depth to GWT (erthg.): 0.10 m Fill weight:

Fines correction method: B&I (2014) Average results interval: 3 Transition detect. applied:
Points to test: Based on Ic value Ic cut-off value: 2.60 Ko applied:

Earthquake magnitude Mw: Unit weight calculation:  Based on SBT Clay like behavior applied:
Peak ground acceleration: Use fill: No Limit depth applied:
Depth to water table (insitu): 0.40 m Fill height: N/A Limit depth:

Clig v.2.3.1.15 - CPT Liguefaction Assessment Software - Report created on: 20/11/2023, 12:25:53 pm

N/A

No

Yes

Sands only
Yes

10.00 m

F.S. color scheme

EOCOEDN

Almost certain it will liquefy
Very likely to liquefy

Liquefaction and no lig. are equally likely
Unlike to liquefy

Almost certain it will not liquefy

CPT name: CPT12_ULS

LSN color scheme

Severe damage

Major expression of liquefaction
Moderate to severe exp. of liquefaction
Moderate expression of liquefaction
Minor expression of liquefaction

Little to no expression of liquefaction

(0 T I

Project file: G:\Jobs\51\511185\Docs\Geo\Geotech Report\CPT-Based Liquefaction Assessment\CPT 09-12_Liquefaction Assessment.clq



Lateral displacements
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This software is licensed to: Eliot Sinclair & Partners Ltd

Liquefaction analysis overall plots

CRR plot FS Plot Liquefaction severity number Vertical settlements
0 0

0.50.50.50.50.5
11111

: Eliot Sinclair & Partners Ltd
. el | OI- Geotechnical Engineering
SinC I air 20 Troup Drive, Christchurch

https://www.eliotsinclair.co.nz/

Project title : Liquefaction Assessment - 511185
Location : 518 Rangiora Woodend Road & 4 Golf Links Road

Input parameters and analysis data

Analysis method: B&I (2014) Depth to GWT (erthg.): 0.10 m Fill weight:

Fines correction method: B&I (2014) Average results interval: 3 Transition detect. applied:
Points to test: Based on Ic value Ic cut-off value: 2.60 Ko applied:

Earthquake magnitude Mw: Unit weight calculation:  Based on SBT Clay like behavior applied:
Peak ground acceleration: Use fill: No Limit depth applied:
Depth to water table (insitu): 0.40 m Fill height: N/A Limit depth:

Clig v.2.3.1.15 - CPT Liguefaction Assessment Software - Report created on: 20/11/2023, 12:25:55 pm

N/A

No

Yes

Sands only
Yes

10.00 m

F.S. color scheme

EOCOEDN

Almost certain it will liquefy
Very likely to liquefy

Liquefaction and no lig. are equally likely
Unlike to liquefy

Almost certain it will not liquefy

LSN color scheme

Severe damage

Major expression of liquefaction
Moderate to severe exp. of liquefaction
Moderate expression of liquefaction
Minor expression of liquefaction

Little to no expression of liquefaction

(0 T I

Project file: G:\Jobs\51\511185\Docs\Geo\Geotech Report\CPT-Based Liquefaction Assessment\CPT 09-12_Liquefaction Assessment.clq



Overall Liquefaction Severity Number report

LSN value

CPT09_SLS1
CPT10_SLS1
CPT11_SLS1
CPT12_SLS1
CPT09_SLS2
CPT10_SLS2
CPT11_SLS2
CPT12_SLS2

CPTu Name

CPT09_ULS

CPT10_ULS

CPT11_ULS

CPT12_ULS

LSN color scheme

Severe damage

Major expression of liquefaction
Moderate to severe exp. of liquefaction
Moderate expression of liquefaction
Minor expression of liquefaction

Little to no expression of liauefaction

OEODEN

Basic statistics

Total CPT number: 12

42% little liquefaction

42% minor liquefaction

8% moderate liquefaction

8% moderate to major liquefaction
0% major liquefaction

0% severe liquefaction

CLiq v.2.3.1.15 - CPT Liquefaction Assessment Software
Project file: G:\Jobs\51\511185\Docs\Geo\Geotech Report\CPT-Based Liquefaction Assessment\CPT 09-12_Liquefaction Assessment.clq
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Appendix E. SPT Based-Liquefaction Analysis Report

el iol- Geotechnical Assessment Report - Version A
sinc|cir 518 Rangiora Woodend Road & 4 Golf Links Road, Rangiora

511185 eliotsinclair.co.nz



" Eliot Sinclair & Partners Ltd
el IOI‘ Geotechnical Engineering 20

S | nclq i r Troup Drive, Christchurch

https://www.eliotsinclair.co.nz/
SPT BASED LIQUEFACTION ANALYSIS REPORT

Project title : Liquefaction Assessment - 511185 Location : 518 Rangiora Woodend Road & 4 Golf Links Road Borehole

Name : BHO1_SLS1

:: Input parameters and analysis properties ::

G.W.T. (in-situ):

G.W.T. (earthq.):

Analysis method: Idriss & Boulanger 2014 2.90 EQ site conditions:  Same as initial

Fines correction method: Idriss & Boulanger 2014 2.40
Sampling method: Standard Sample Earthquake magnitude Mw: 7.50
Peak ground acceleration:

Borehole diameter: 65 mm to 11 5mm 0.13
Rod length: 1.50 SPT results rounding mode: Nearest
Hammer energy ratio: 0.82
N SPT plot CSR vs CRR plot
17 = N(SPT) 07 CRR CPT]
= N1(60) 0.57] = CSR
N1(60)cs ] = CRR
e 1]
> 4 157
37 [o3 27 L 4
S 2.57]
4 3]
; 3.57]
54 47
. 457
S 1S .
N— N— 5
o 67 > < ]
a | 557
a 3 ¢
77 6]
> 6.57]
© .
7
81— i
7.57]
91 8
P ] 8.57]
9
107 ]
9.57]
o 107
117 ]
10.57]
T | T | T | T | T | T | T | T
20 30 40 0 0.1 02 03 04 05
SPT Blow Count CSR & CRR

Project file: G:\Jobs\51\511185\Docs\Geo\GEO Stage 2\Borehole Testing\BH 01-08_Borehole SPT Assessment_02.clq



This software is licensed to: Eliot Sinclair & Partners Ltd

:: Cyclic Stress Ratio fully adjusted (CSR*) numeric results ::

No Depth

(m)

Weight
(kN/m3)

Fully Adjusted Cyclic Stress Ratio, CSR*

Uo
(kPa)

0.60

Ov
(kPa)

Ext. Load
(kPa)

a'v
(kPa)

Fd

CSR

Ko MSFmax

CRR 7.50 clean sand curve

°©

n

o
]

0.404

Liquefaction

No Liquefaction

10

15

20

25

30 35 40 45
Corrected Blow Count N1(60),cs

50

MSF

CLig v.2.3.1.15 - CPT Liquefaction Assessment Software - Report created on: 17/10/2023, 9:59:59 am

6

7

1.65
3.14
4.65
6.25
7.75
9.25

10.75

Abbreviations

Depth:

Uo:
Ov.
ov':
Fd:
CSR
MSF
Ko:

CSR™:

20.00
20.00
20.00
20.00
20.00
19.00

20.00

0.00
7.26
22.07
37.77
52.48
67.20

81.91

33.00
62.80
93.00
125.00
155.00
183.50

213.50

0.00
0.00
0.00
0.00
0.00
0.00
0.00

33.00
55.54
70.93
87.23
102.52
116.30

131.59

Depth from free surface where SPT was performed (m) during

€q.

Water pressure at test point (kPa) during eq.
Total overburden pressure at test point (kPa) during eq.
Effective overburden pressure based on GWT during earthquake
(kPa) during eg. Nonlinear shear mass factor
Cyclic Stress Ratio
Effective overburden stress factor
Magnitude Scaling Factor
CSR fully adjusted

i1 Cyclic Resistance Ratio (CRR) numeric
results ::

No Depth Fines uo Gy 6'v Nser (M) % (kPa) Cwn
(kPa) (kPa)

1

2

1.65

3.14

242 0.00 33.00 33.00 29 1.52 0.80 1.00 1.00 0.82

0.00 2.35

62.80 60.45 29 1.23 0.85 1.00 1.00 0.82

Cr

Cs

Cs

0.99
0.98
0.96
0.95
0.93
0.91

0.89

Ce

0.084 1.10 1.94 1.00
0.094 1.10 1.72 1.00
0.107 1.04 1.24 1.00
0.115 1.04 2.20 1.00
0.118 1.00 1.38 1.00
0.121 0.99 1.24 1.00
0.121 0.96 1.58 1.00

F.S.

Nieo) A(Ni)so Niso)cs CRR7s

29  0.00 29  4.000 2.00
25 0.00 25 0.290 2.00

Project file: G:\Jobs\51\511185\Docs\Geo\GEO Stage 2\Borehole Testing\BH 01-08_Borehole SPT Assessment_02.clq

CPT name: BHO1_SLS1

CSR*

2.000
0.085
0.103
0.111
0.119
0.123

2.000



Eliot Sinclair & Partners Ltd

el IOI‘ Geotechnical Engineering 20
S | ncla i r Troup Drive, Christchurch
https://www.eliotsinclair.co.nz/
3 465 0.00 17.17 93.00 75.83 13 1.16 0.95 1.00 1.00 0.82 12 0.00 12 0.132 1.28
4 6.25 0.00 32.86 125.00 92.14 43 1.03 095 1.00 1.00 0.82 34 0.00 34 0.909 2.00
7.75 0.00 47.58 155.00 10742 22 0.97 095 1.00 1.00 0.82 17 0.00 17 0.174 1.47
6 9.25 150 62.29 183.50 121.21 16 091 1.00 1.00 1.00 0.82 12 0.00 12 0.132 1.08
7 10.75 0.00 77.01 213.50 13649 31 0.88 1.00 1.00 1.00 0.82 22 0.00 22 4.000 2.00
Abbreviations
Depth:  Depth from free surface where SPT was performed (m) Ca: Borehole diameter factor
Weight:  Soil unit weight from previous test point to current (kN/m3) Cr: Rod length factor
Uo: Ov: Water pressure at test point (kPa) Cs: Sampling method factor
o' Total overburden pressure at test point (kPa) N1coy: Number of blows corrected for 60% energy
Nepr: Effective overburden pressure based on in situ GWT (kPa) AN Fines correction
Co Number of blows count in the field (blows/30 cm) 160 Number of blows corrected for 60% energy and
Ce: Overburden pressure factor Nioes:  fineg
' Energy ratio factor ERSR” Cyclic Resistance Ratio for Mw 7.50

Factor of safety against liquefaction

CLig v.2.3.1.15 - CPT Liquefaction Assessment Software - Report created on: 17/10/2023, 9:59:59 am
SPT BASED LIQUEFACTION ANALYSIS REPORT
Project title : Liquefaction Assessment - 511185 Location : 518 Rangiora Woodend Road & 4 Golf Links Road Borehole
Name : BHO1_SLS2
:: Input parameters and analysis properties ::

G.W.T. (in-situ): 2.90 EQ site conditions:  Same as initial

Fines correction method: Idriss & Boulanger 2014 G.W.T. (earthq.): 2.40
Sampling method: Standard Sample Earthquake magnitude Mw: 6.00
Peak ground acceleration:

Analysis method: Idriss & Boulanger 2014

Borehole diameter: 65 mm to 11 5mm 0.19
Rod length: 1.50 SPT results rounding mode: Nearest
Hammer energy ratio: 0.82

Project file: G:\Jobs\51\511185\Docs\Geo\GEO Stage 2\Borehole Testing\BH 01-08_Borehole SPT Assessment_02.clq



This software is licensed to: Eliot Sinclair & Partners Ltd

:: Cyclic Stress Ratio fully adjusted (CSR*) numeric results ::

No Depth Weight Uo Ov Ext. Load o'y rd CSR Ko MSFmax  MSF
(m) (kN/m3) (kPa) (kPa) (kPa) (kPa)
N SPT plot CSR vs CRR plot
17 O N(SPT) 0] CRR CPT
= N1i(60) 0.57 — CSR
N1(60)cs 7 — CRR
e 1
4 157
37 © > \ . 4
S 257
4 3]
; 3.57]
54 47]
- - 4.57]
1S 1S .
E | E 5
c 6 > < ]
a | 557
] 8 ]
77 67
— 6.5
° -
81— ]
7.57
9o 83
Dj 8.57]
9-
107 T
9.57]
o 107
117 ]
10.57
T i T i T i —
20 30 40 0 0.1 0.2 0.3 0.4 0.5
SPT Blow Count CSR & CRR

CRR 7.50 clean sand curve
0.60

Liquefaction

0.504

0.404

Fully Adjusted Cyclic Stress Ratio, CSR*

No Liquefaction

0 5 10 15 20 25 30 35 40 45 50
Corrected Blow Count N1(60),cs

CLiqg v.2.3.1.15 - CPT Liquefaction Assessment Software - Report created on: 17/10/2023, 10:02:03 am
CPT name: BHO1_SLS2

CSR*

1 1.65 20.00 0.00 33.00 0.00 33.00 0.98 0.121 1.10 1.94 1.48 2.000

Project file: G:\Jobs\51\511185\Docs\Geo\GEO Stage 2\Borehole Testing\BH 01-08_Borehole SPT Assessment_02.clq



Eliot Sinclair & Partners Ltd

el IOI' Geotechnical Engineering 20
Sl ncla i r Troup Drive, Christchurch
https://www.eliotsinclair.co.nz/
2 3.15 20.00 7.36 63.00 0.00 55.64 0.96 0.134 1.10 1.72 1.48 0.085
3 4.65 20.00 22.07  93.00 0.00 70.93 0.93 0.150 1.04 1.24 1.48 0.127
4 6.25 20.00 37.77  125.00 0.00 87.23 0.89 0.158 1.04 2.20 1.48 0.088
5 7.75 20.00 5248 155.00 0.00 102.52 0.85 0.160 1.00 1.38 1.48 0.130
6 9.25 19.00 67.20 183.50 0.00 116.30 0.82 0.159 0.99 1.24 1.48 0.142
7 10.75 20.00 8191 213.50 0.00 131.59 0.78 0.156 0.96 1.58 1.48 2.000
Abbreviations
Depth: Depth from free surface where SPT was performed (m) during
Uo: €q.
ov: Water pressure at test point (kPa) during eq.
o' Total overburden pressure at test point (kPa) during eq.
Fat Effective overburden pressure based on GWT during earthquake
CSR: (kPa) during eg. Nonlinear shear mass factor
MSE: Cyclic Stress Ratio
Ko Effective overburden stress factor
csR*:  Magnitude Scaling Factor
CSR fully adjusted
:: Cyclic Resistance Ratio (CRR) numeric
results ::
F.S.
No Depth Fines u, 0y 6"y Nser (m) % (kPa) Cn Ck C GCs Ce Nieo) A(Ni)so Niso)cs CRR7s
(kPa) (kPa)
1 165 242 0.00 33.00 33.00 29 1.52 0.80 1.00 1.00 0.82 29 0.00 29 4.000 2.00
2 315 0.00 245 63.00 60.55 29 1.23 0.85 1.00 1.00 0.82 25 0.00 25 0.290 2.00
3 465 0.00 17.17 93.00 75.83 13 1.16 0.95 1.00 1.00 0.82 12 0.00 12 0.132 1.04
4 6.25 0.00 32.86 125.00 92.14 43 1.03 095 1.00 1.00 0.82 34 0.00 34 0.909 2.00
7.75 0.00 47.58 155.00 10742 22 097 095 1.00 1.00 0.82 17 0.00 17 0.174 1.34
6 9.25 150 62.29 183.50 121.21 16 091 1.00 1.00 1.00 0.82 12 0.00 12 0.132 0.94
7 10.75 0.00 77.01 213,50 13649 31 0.88 1.00 1.00 1.00 0.82 22 0.00 22 4.000 2.00
Abbreviations
Depth:  Depth from free surface where SPT was performed (m) Cs: Borehole diameter factor
Weight:  Soil unit weight from previous test point to current (kN/m3) Cr: Rod length factor
uo: ov:  Water pressure at test point (kPa) Cs: Sampling method factor
o' Total overburden pressure at test point (kPa) N1coy: Number of blows corrected for 60% energy
Nepr: Effective overburden pressure based on in situ GWT (kPa) AN Fines correction
C: Number of blows count in the field (blows/30 cm) 160 Number of blows corrected for 60% energy and
Ce: Overburden pressure factor NiGoes:  fineg
’ Energy ratio factor ERSR” Cyclic Resistance Ratio for My 7.50

Factor of safety against liquefaction

CLig v.2.3.1.15 - CPT Liquefaction Assessment Software - Report created on: 17/10/2023, 10:02:03 am

Project file: G:\Jobs\51\511185\Docs\Geo\GEO Stage 2\Borehole Testing\BH 01-08_Borehole SPT Assessment_02.clq



_ elior
sinclair

https://www.eliotsinclair.co.nz/

Project title : Liquefaction Assessment - 511185

Name : BHO1_ULS

Eliot Sinclair & Partners Ltd
Geotechnical Engineering 20
Troup Drive, Christchurch

SPT BASED LIQUEFACTION ANALYSIS REPORT

:: Input parameters and analysis properties ::

Analysis method:
Fines correction method:
Sampling method:

Borehole diameter:
Rod length:
Hammer energy ratio:

1.50
0.82

Depth (m)

107

117

Idriss & Boulanger 2014

Idriss & Boulanger 2014
Standard Sample

65 mm to 11 5mm

G.W.T. (in-situ):
G.W.T. (earthq.):

Earthquake magnitude Mw:
Peak ground acceleration:

N SPT plot

21

g
[ /]

8 N(sPT)
= N1(60)
N1(60)cs

1
h 4

20 30
SPT Blow Count

40

2.90

2.40
7.50

0.35
SPT results rounding mode: Nearest

Depth (m)

Location : 518 Rangiora Woodend Road & 4 Golf Links Road Borehole

EQ site conditions:

CSR vs CRR plot

0
057
-
1.57
5]
2.57]
3]
3.57
4
457
5]
5.57
67
6.57]
-
7.57
-
8.57]
97
9.57]
107
1057

CRR CPT]
= CSR
= CRR

\s

0.1 02 03

CSR & CRR

04 0.5

Project file: G:\Jobs\51\511185\Docs\Geo\GEO Stage 2\Borehole Testing\BH 01-08_Borehole SPT Assessment_02.clq

Same as initial
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CRR 7.50 clean sand curve

0.60

Liquefaction

0.504

0.404

Fully Adjusted Cyclic Stress Ratio, CSR*
o
W
o
L

19}
0.204
0.104
| No Liquefaction
0.00
0 5 10 15 20 25 30 35 40 45 50
Corrected Blow Count N1(60),cs
CLig v.2.3.1.15 - CPT Liquefaction Assessment Software - Report created on: 17/10/2023, 10:03:27 am
CPT name: BHO1_ULS
CSR”
1 1.65 20.00 0.00 33.00 0.00 33.00 0.99 0.226 1.10 1.94 1.00 2.000
2 3.15 20.00 7.36 63.00 0.00 55.64 0.98 0.253 1.10 1.72 1.00 0.230
3 4.65 20.00 22.07  93.00 0.00 70.93 0.96 0.288 1.04 1.24 1.00 0.278
4 6.25 20.00 37.77 125.00 0.00 87.23 0.95 0.308 1.04 2.20 1.00 0.298
5 7.75 20.00 5248 155.00 0.00 102.52 0.93 0.319 1.00 1.38 1.00 0.319
6 9.25 19.00 67.20 183.50 0.00 116.30 0.91 0.325 0.99 1.24 1.00 0.330
7 10.75 20.00 8191 213.50 0.00 131.59 0.89 0.327 0.96 1.58 1.00 2.000
Abbreviations
Depth: Depth from free surface where SPT was performed (m) during
Uo: €q.
o Water pressure at test point (kPa) during eq.
o Total overburden pressure at test point (kPa) during eq.
Fat Effective overburden pressure based on GWT during earthquake
CSR: (kPa) during eg. Nonlinear shear mass factor
MSF: Cyclic Stress Ratio
Ko: Effective overburden stress factor
csr*:  Magnitude Scaling Factor

CSR fully adjusted

Project file: G:\Jobs\51\511185\Docs\Geo\GEO Stage 2\Borehole Testing\BH 01-08_Borehole SPT Assessment_02.clq



This software is licensed to: Eliot Sinclair & Partners Ltd

:: Cyclic Stress Ratio fully adjusted (CSR*) numeric results ::

No Depth Weight Uo Ov Ext. Load o'y rd CSR Ko MSFmax  MSF
(m) (kN/m3) (kPa) (kPa) (kPa) (kPa)

:: Cyclic Resistance Ratio (CRR) numeric
results ::

F.S.

No Depth Fines u, 0y 6"y Nser (m) % (kPa) Cvn Cr Cs GCs Ce Nieo) A(Ni)eo Nio)es CRR7s
(kPa) (kPa)

1 165 242 0.00 33.00 33.00 29 1.52 0.80 1.00 1.00 0.82 29 0.00 29 4.000 2.00
2 3.15 0.00 245 63.00 60.55 29 1.23 0.85 1.00 1.00 0.82 25 0.00 25 0.290 1.26

4.65 0.00 17.17 93.00 75.83 13 1.16 0.95 1.00 1.00 0.82 12 0.00 12 0.132 0.48

4 6.25 0.00 32.86 125.00 92.14 43 1.03 095 1.00 1.00 0.82 34 0.00 34 0.909 2.00
7.75 0.00 47.58 155.00 10742 22 097 095 1.00 1.00 0.82 17 0.00 17 0.174 0.54
6 9.25 150 62.29 183.50 121.21 16 091 1.00 1.00 1.00 0.82 12 0.00 12 0.132 0.40
7 10.75 0.00 77.01 21350 13649 31 0.88 1.00 1.00 1.00 0.82 22 0.00 22 4.000 2.00
Abbreviations
Depth:  Depth from free surface where SPT was performed (m) Ce: Borehole diameter factor
Weight:  Soil unit weight from previous test point to current (kN/m3) Cr: Rod length factor
uo: ov:  Water pressure at test point (kPa) Cs: Sampling method factor
o' Total overburden pressure at test point (kPa) N1coy: Number of blows corrected for 60% energy
Nepr: Effective overburden pressure based on in situ GWT (kPa) AN Fines correction
Ca: Number of blows count in the field (blows/30 cm) 1(60)"_:5 Number of blows corrected for 60% energy and
Ce: Overburden pressure factor Nioes:  fineg
' Energy ratio factor E'ZR” Cyclic Resistance Ratio for My 7.50

Factor of safety against liquefaction

CLig v.2.3.1.15 - CPT Liquefaction Assessment Software - Report created on: 17/10/2023, 10:03:27 am
SPT BASED LIQUEFACTION ANALYSIS REPORT

Project title : Liquefaction Assessment - 511185 Location : 518 Rangiora Woodend Road & 4 Golf Links Road Borehole
Name : BHO2_SLS1
:: Input parameters and analysis properties ::

G.W.T. (in-situ):

Analysis method: Idriss & Boulanger 2014 2.30 EQ site conditions:  Same as initial
Fines correction method: Idriss & Boulanger 2014 G.W.T. (earthq.): 1.80

Sampling method: Standard Sample Earthquake magnitude Mw: 7.50

Borehole diameter: 65 mm to 11 5mm Peak ground acceleration: 0.13

Rod length: 1.50 SPT results rounding mode: Nearest

Hammer energy ratio: 0.82

Project file: G:\Jobs\51\511185\Docs\Geo\GEO Stage 2\Borehole Testing\BH 01-08_Borehole SPT Assessment_02.clq
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N SPT plot CSR vs CRR plot
17 O N(SPT) 07 CRR CPT
= N1(60) 0.5 = CSR
Avd N1(60)cs 1 = CRR
2 — 17
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SPT Blow Count CSR & CRR
0.60 CRR 7.50 clean sand curve

Liquefaction

0.504

0.404

Fully Adjusted Cyclic Stress Ratio, CSR*
o
W
o
L

No Liquefaction

0 5 10 15 20 25 30 35 40 45 50
Corrected Blow Count N1(60),cs

CLig v.2.3.1.15 - CPT Liquefaction . Assessment Software - Report
created on: 17/10/2023, 10:04:41 am .
CPT name: BH02_SLS1 .

CSR*

1 1.65 20.00 0.00 33.00 0.00 33.00 0.99 0.084 1.10 2.00 1.00 2.000

Project file: G:\Jobs\51\511185\Docs\Geo\GEO Stage 2\Borehole Testing\BH 01-08_Borehole SPT Assessment_02.clq



This software is licensed to: Eliot Sinclair & Partners Ltd

:: Cyclic Stress Ratio fully adjusted (CSR*) numeric results ::

No Depth Weight Uo Ov Ext. Load o'y

6

7

(m) (kN/m3) (kPa) (kPa) (kPa) (kPa)
3.15 20.00 13.24  63.00 0.00 49.76
4.65 20.00 27.96  93.00 0.00 65.04
6.25 20.00 43.65 125.00 0.00 81.35
7.75 20.00 58.37 155.00 0.00 96.63
9.25 20.00 73.08 185.00 0.00 111.92

10.75 20.00 87.80  215.00 0.00 127.20

Abbreviations

Depth:

Uo:
Ov:
1

Ov:
Fd:

CSR:

MSF
Ko:

CSR™:

Depth from free surface where SPT was performed (m) during
eq.

Water pressure at test point (kPa) during eq.

Total overburden pressure at test point (kPa) during eq.
Effective overburden pressure based on GWT during earthquake
(kPa) during eg. Nonlinear shear mass factor

Cyclic Stress Ratio

Effective overburden stress factor

Magnitude Scaling Factor

CSR fully adjusted

:: Cyclic Resistance Ratio (CRR) numeric
results ::

No Depth Fines uo 0, 0'v Nser (m) % (kPa) Cv Ck  Cs  GCs

6
7

(kPa) (kPa)

Fd

0.98
0.96
0.95
0.93
0.91
0.89

Ce

1.65 1.86 0.00 33.00 33.00 30 1.50 0.80 1.00 1.00 0.82

3.15 0.00 8.34 63.00 54.66 18 1.33 0.85 1.00 1.00 0.82

4.65 0.00 23.05 93.00 69.95 27 1.16 0.95 1.00 1.00 0.82

6.25 0.00 38.75 125.00 86.25 10 1.09 0.95
7.75 0.00 53.46 155.00 101.54 16 1.00 0.95

9.25 0.00 68.18 185.00 116.82 32 0.94 1.00

10.75 0.00 82.89 215.00 132.11 36 0.90 1.00

Abbreviations

Depth:
Weight:
Uo: Ov:

Ov.
Nspr:
Cw:
Ce:

Depth from free surface where SPT was performed (m)
Soil unit weight from previous test point to current (kN/m3)
Water pressure at test point (kPa)

Total overburden pressure at test point (kPa)

Effective overburden pressure based on in situ GWT (kPa)
Number of blows count in the field (blows/30 cm)
Overburden pressure factor

Energy ratio factor

1.00
1.00

1.00
1.00

CSR Ko MSFmax  MSF
0.105 1.08 1.38 1.00 0.097
0.117 1.07 1.67 1.00 0.109
0.123 1.02 1.17 1.00 0.121
0.126 1.00 1.24 1.00 0.125
0.127 0.98 1.72 1.00 0.129
0.126 0.96 1.82 1.00 2.000
F.S.
Ni@o) A(Ni)eo Ni(eo)es CRRz7s
30 0.00 30 4.000 2.00
17 0.00 17 0.174 1.80
24 0.00 24 0.268 2.00
1.00 0.82 9 0.00 9 0.111 0.92
1.00 0.82 12 0.00 12 0.132 1.06
1.00 0.82 25 0.00 25 0.290 2.00
1.00 0.82 27 0.00 27 4.000 2.00
Cs: Borehole diameter factor
Cr: Rod length factor
GCs: Sampling method factor
N1coy: Number of blows corrected for 60% energy
AN Fines correction
1S Number of blows corrected for 60% energy and
N1(60),cs: fines
(F:%Rf's: Cyclic Resistance Ratio for Mw 7.50

Factor of safety against liquefaction

CLiqg v.2.3.1.15 - CPT Liquefaction Assessment Software - Report created on: 17/10/2023, 10:04:41 am

Project file: G:\Jobs\51\511185\Docs\Geo\GEO Stage 2\Borehole Testing\BH 01-08_Borehole SPT Assessment_02.clq
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SPT BASED LIQUEFACTION ANALYSIS REPORT

Project title : Liquefaction Assessment - 511185 Location : 518 Rangiora Woodend Road & 4 Golf Links Road Borehole

Name : BH02_SLS2

:: Input parameters and analysis properties ::

G.W.T. (in-situ):

G.W.T. (earthq.):

Analysis method: Idriss & Boulanger 2014 2.30 EQ site conditions:  Same as initial

Fines correction method: Idriss & Boulanger 2014 1.80
Sampling method: Standard Sample Earthquake magnitude Mw: 6.00
Peak ground acceleration:

Borehole diameter: 65 mm to 11 5mm 0.19
Rod length: 1.50 SPT results rounding mode: Nearest
Hammer energy ratio: 0.82
N SPT plot CSR vs CRR plot
17 = N(SPT) 07 CRR CPT]
= N1(60) 0.57] = CSR
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Project file: G:\Jobs\51\511185\Docs\Geo\GEO Stage 2\Borehole Testing\BH 01-08_Borehole SPT Assessment_02.clq



This software is licensed to: Eliot Sinclair & Partners Ltd

:: Cyclic Stress Ratio fully adjusted (CSR*) numeric results ::

No Depth Weight Uo Ov Ext. Load o'y rd CSR Ko MSFmax  MSF
(m) (kN/m3) (kPa) (kPa) (kPa) (kPa)
CRR 7.50 clean sand curve
0.60
Liquefaction
o
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Q
) .
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| No Liquefaction
0.00
0 5 10 15 20 25 30 35 40 45 50
Corrected Blow Count N1(60),cs
CLiqg v.2.3.1.15 - CPT Liquefaction Assessment Software - Report created on: 17/10/2023, 10:05:47 am
CPT name: BH02_SLS2
CSR*
1 1.65 20.00 0.00 33.00 0.00 33.00 0.98 0.121 1.10 2.00 1.48 2.000
2 3.15 20.00 13.24  63.00 0.00 49.76 0.96 0.150 1.08 1.38 1.48 0.112
3 4.65 20.00 27.96  93.00 0.00 65.04 0.93 0.164 1.07 1.67 1.48 0.109
4 6.25 20.00 43.65 125.00 0.00 81.35 0.89 0.169 1.02 1.17 1.48 0.150
5 7.75 20.00 58.37 155.00 0.00 96.63 0.85 0.169 1.00 1.24 1.48 0.148
6 9.25 20.00 73.08 185.00 0.00 111.92 0.82 0.167 0.98 1.72 1.48 0.118
7 10.75 20.00 87.80 215.00 0.00 127.20 0.78 0.163 0.96 1.82 1.48 2.000
Abbreviations
Depth: Depth from free surface where SPT was performed (m) during
Uo: €q.
o Water pressure at test point (kPa) during eq.
o Total overburden pressure at test point (kPa) during eq.
ra: Effective overburden pressure based on GWT during earthquake
CSR: (kPa) during eg. Nonlinear shear mass factor
MSF: Cyclic Stress Ratio
Ko: Effective overburden stress factor
csr*:  Magnitude Scaling Factor
CSR fully adjusted
i1 Cyclic Resistance Ratio (CRR) numeric
results ::
F.S.
No Depth Fines u, 06"y Nspr(m) % (kPa) ©8v Cr Cs GCs Ce Nieo) A(Ni)eo Nigors CRR7s
(kPa) (kPa)
1 165 1.86 0.00 33.00 33.00 30 1.50 0.80 1.00 1.00 0.82 30 0.00 30 4.000 2.00
2 3.15 0.00 834 63.00 5466 18 1.33 0.85 1.00 1.00 0.82 17 0.00 17 0.174 1.55

Project file: G:\Jobs\51\511185\Docs\Geo\GEO Stage 2\Borehole Testing\BH 01-08_Borehole SPT Assessment_02.clq
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3 465 0.00 23.05 93.00 69.95 27 1.16 0.95 1.00 1.00
4 6.25 0.00 3875 125.00 86.25 10 1.09 0.95
7.75 0.00 53.46 155.00 101.54 16 1.00 0.95

6 9.25 0.00 68.18 185.00 116.82 32 0.94 1.00

7 10.75 0.00 82.89 215.00 132.11 36 0.90 1.00

Abbreviations

Depth:  Depth from free surface where SPT was performed (m)
Weight:  Soil unit weight from previous test point to current (kN/m3)
Uo: Ov: Water pressure at test point (kPa)

o' Total overburden pressure at test point (kPa)

Nepr: Effective overburden pressure based on in situ GWT (kPa)
Cu: Number of blows count in the field (blows/30 cm)

Ce: Overburden pressure factor

Energy ratio factor

0.82
1.00
1.00

1.00
1.00

24
1.00
1.00

1.00
1.00

Cs:
Cr:
Cs:
N1(60):
AN1(60),cs
N1(60),cs:
CRR7:s:
F.S.:

0.00 24 0.268 2.00

0.82 9 0.00 9 0.111 0.74
082 12 0.00 12 0.132 0.90
0.82 25 0.00 25 0.290 2.00
082 27 0.00 27 4.000 2.00

Borehole diameter factor

Rod length factor

Sampling method factor

Number of blows corrected for 60% energy
Fines correction

Number of blows corrected for 60% energy and
fines

Cyclic Resistance Ratio for Mw 7.50

Factor of safety against liquefaction

CLig v.2.3.1.15 - CPT Liquefaction Assessment Software - Report created on: 17/10/2023, 10:05:47 am
SPT BASED LIQUEFACTION ANALYSIS REPORT
Project title : Liquefaction Assessment - 511185 Location : 518 Rangiora Woodend Road & 4 Golf Links Road Borehole

Name : BHO2_ULS
:: Input parameters and analysis properties ::

G.W.T. (in-situ):

Analysis method: Idriss & Boulanger 2014 2.30
Fines correction method: Idriss & Boulanger 2014 G.W.T. (earthq.): 1.80
Sampling method: Standard Sample Earthquake magnitude Mw: 7.50
Borehole diameter: 65 mm to 11 5mm Peak ground acceleration: 0.35
Rod length: 1.50 SPT results rounding mode: Nearest

Hammer energy ratio: 0.82

EQ site conditions:  Same as initial

Project file: G:\Jobs\51\511185\Docs\Geo\GEO Stage 2\Borehole Testing\BH 01-08_Borehole SPT Assessment_02.clq



This software is licensed to: Eliot Sinclair & Partners Ltd

:: Cyclic Stress Ratio fully adjusted (CSR*) numeric results ::

No Depth Weight Uo Ov Ext. Load o'y rd CSR Ko MSFmax  MSF
(m) (kN/m3) (kPa) (kPa) (kPa) (kPa)
N SPT plot CSR vs CRR plot
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CLig v.2.3.1.15 - CPT Liquefaction Assessment Software - Report created on: 17/10/2023, 10:08:20 am
CPT name: BH02_ULS
CSR*
1 1.65 20.00 0.00 33.00 0.00 33.00 0.99 0.226 1.10 2.00 1.00 2.000

Project file: G:\Jobs\51\511185\Docs\Geo\GEO Stage 2\Borehole Testing\BH 01-08_Borehole SPT Assessment_02.clq
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2 3.15 20.00 13.24 63.00 0.00 49.76 0.98 0.282 1.08 1.38 1.00 0.260

3 4.65 20.00 27.96  93.00 0.00 65.04 0.96 0.314 1.07 1.67 1.00 0.294
4 6.25 20.00 43.65 125.00 0.00 81.35 0.95 0.331 1.02 1.17 1.00 0.324
5 7.75 20.00 58.37 155.00 0.00 96.63 0.93 0.338 1.00 1.24 1.00 0.337
6 9.25 20.00 73.08 185.00 0.00 111.92 0.91 0.341 0.98 1.72 1.00 0.347

7 10.75 20.00 87.80 215.00 0.00 127.20 0.89 0.340 0.96 1.82 1.00 2.000
Abbreviations

Depth: Depth from free surface where SPT was performed (m) during

Uo: €q.
ov: Water pressure at test point (kPa) during eq.
o' Total overburden pressure at test point (kPa) during eq.

Fat Effective overburden pressure based on GWT during earthquake
CSR: (kPa) during eg. Nonlinear shear mass factor
MSE: Cyclic Stress Ratio
Ko Effective overburden stress factor
csR*:  Magnitude Scaling Factor
CSR fully adjusted

:: Cyclic Resistance Ratio (CRR) numeric
results ::

F.S.

No Depth Fines u, 0y 6"y Nser (m) % (kPa) Cn Ck GC GCs Ce Nieo) A(Ni)so Nio)es CRRzs
(kPa) (kPa)

1 165 1.86 0.00 33.00 33.00 30 1.50 0.80 1.00 1.00 0.82 30 0.00 30 4.000 2.00
2 315 0.00 834 63.00 5466 18 1.33 0.85 1.00 1.00 0.82 17 0.00 17 0.174 0.67

3 465 0.00 23.05 93.00 69.95 27 1.16 0.95 1.00 1.00 0.82 24 0.00 24 0.268 0.91

4 6.25 0.00 38.75 125.00 86.25 10 1.09 0.95 1.00 1.00 0.82 9 0.00 9 0.111 0.34
7.75 0.00 53.46 155.00 101.54 16 1.00 0.95 1.00 1.00 0.82 12 0.00 12 0.132 0.39
6 9.25 0.00 68.18 185.00 116.82 32 0.94 1.00 1.00 1.00 0.82 25 0.00 25 0.290 0.84
7 10.75 0.00 82.89 215.00 132.11 36 090 1.00 1.00 1.00 0.82 27 0.00 27 4.000 2.00
Abbreviations
Depth:  Depth from free surface where SPT was performed (m) Cs: Borehole diameter factor
Weight:  Soil unit weight from previous test point to current (kN/m3) Cr: Rod length factor
uo: ov:  Water pressure at test point (kPa) Cs: Sampling method factor
o' Total overburden pressure at test point (kPa) N1coy: Number of blows corrected for 60% energy
Nepr: Effective overburden pressure based on in situ GWT (kPa) AN Fines correction
C: Number of blows count in the field (blows/30 cm) 160 Number of blows corrected for 60% energy and
Ce: Overburden pressure factor NiGoes:  fineg
’ Energy ratio factor ERSR” Cyclic Resistance Ratio for My 7.50

Factor of safety against liquefaction

CLig v.2.3.1.15 - CPT Liquefaction Assessment Software - Report created on: 17/10/2023, 10:08:20 am

Project file: G:\Jobs\51\511185\Docs\Geo\GEO Stage 2\Borehole Testing\BH 01-08_Borehole SPT Assessment_02.clq
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SPT BASED LIQUEFACTION ANALYSIS REPORT

Project title : Liquefaction Assessment - 511185 Location : 518 Rangiora Woodend Road & 4 Golf Links Road Borehole

Name : BHO3_SLS1

:: Input parameters and analysis properties ::

G.W.T. (in-situ):

G.W.T. (earthq.):

Analysis method: Idriss & Boulanger 2014 2.20 EQ site conditions:  Same as initial

Fines correction method: Idriss & Boulanger 2014 1.70
Sampling method: Standard Sample Earthquake magnitude Mw: 7.50

Borehole diameter: 65 mm to 11 5mm Peak ground acceleration: 0.13

Rod length: 1.50 SPT results rounding mode: Nearest
Hammer energy ratio: 0.82

N SPT plot CSR vs CRR plot

17 = N(SPT) 07 CRR CPT]

= N1(60) 0.57] = CSR

e ¥ N(60)CS 7 — CRR
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Project file: G:\Jobs\51\511185\Docs\Geo\GEO Stage 2\Borehole Testing\BH 01-08_Borehole SPT Assessment_02.clq
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CRR 7.50 clean sand curve

0.60

Liquefaction

0.504

0.404

Fully Adjusted Cyclic Stress Ratio, CSR*
o
W
o
L

No Liquefaction

0.00
0 5 10 15 20 25 30 35 40 45 50
Corrected Blow Count N1(60),cs
CLiqg v.2.3.1.15 - CPT Liquefaction Assessment Software - Report created on: 17/10/2023, 10:09:43 am
CPT name: BHO3_SLS1
CSR”
1 1.65 20.00 0.00 33.00 0.00 33.00 0.99 0.084 1.10 1.72 1.00 2.000
2 3.15 20.00 1422 63.00 0.00 48.78 0.98 0.107 1.10 1.88 1.00 0.097
3 4.65 20.00 28.94  93.00 0.00 64.06 0.96 0.118 1.06 1.45 1.00 0.112
4 6.25 20.00 44.64 125.00 0.00 80.36 0.95 0.124 1.03 1.58 1.00 0.120
5 7.75 20.00 59.35 155.00 0.00 95.65 0.93 0.127 1.00 1.17 1.00 0.126
6 9.25 20.00 74.07 185.00 0.00 110.93 0.91 0.128 0.97 2.20 1.00 0.131
7 10.75 20.00 88.78  215.00 0.00 126.22 0.89 0.127 0.96 1.94 1.00 2.000
Abbreviations
Depth: Depth from free surface where SPT was performed (m) during
Uo: €q.
o Water pressure at test point (kPa) during eq.
o Total overburden pressure at test point (kPa) during eq.
Fat Effective overburden pressure based on GWT during earthquake
CSR: (kPa) during eg. Nonlinear shear mass factor
MSF: Cyclic Stress Ratio
Ko: Effective overburden stress factor
csr*:  Magnitude Scaling Factor

CSR fully adjusted

Project file: G:\Jobs\51\511185\Docs\Geo\GEO Stage 2\Borehole Testing\BH 01-08_Borehole SPT Assessment_02.clq



This software is licensed to: Eliot Sinclair & Partners Ltd

:: Cyclic Stress Ratio fully adjusted (CSR*) numeric results ::

No Depth
(m)

Weight Uo Ov Ext. Load o'y rd
(kN/m3) (kPa) (kPa) (kPa) (kPa)

:: Cyclic Resistance Ratio (CRR) numeric

results ::

No Depth Fines u, ov 6'v Nspr (M) % (kPa) G G G G Ce
(kPa) (kPa)

1 1.65
2 3.15

4.65
4 6.25

7.75
6 9.25
7 10.75

Abbreviations

343 0.00 33.00 33.00 24 1.57 0.80 1.00 1.00 0.82
7.04 932 63.00 53.68 32 1.27 0.85 1.00 1.00 0.82

0.00 24.03 93.00 68.97 21 1.19 0.95 1.00 1.00 0.82
0.00 39.73 125.00 8527 26 1.08 0.95 1.00
0.00 5445 155.00 100.55 12 1.00 0.95 1.00

0.00 69.16 185.00 11584 50 0.96 1.00 1.00

0.00 83.88 215.00 131.12 39 0.91 1.00 1.00

Depth:  Depth from free surface where SPT was performed (m)
Weight:  Soil unit weight from previous test point to current (kN/m3)
Uo: Ov: Water pressure at test point (kPa)

o' Total overburden pressure at test point (kPa)

Nepr: Effective overburden pressure based on in situ GWT (kPa)
Ca: Number of blows count in the field (blows/30 cm)

Ce: Overburden pressure factor

Energy

ratio factor

CSR

Ko MSFmax  MSF

F.S.

Nieo) A(Ni)so Niso)cs CRR7s

25
28

19
1.00
1.00

1.00
1.00

Cs:

Cr:

Cs:
N1(60):
AN1(60),cs

N1(60),cs:
CRR7:s:
F.S.:

0.00
0.14

0.00
0.82
0.82

0.82

0.82

25 4.000 2.00
28 0.384 2.00

19 0.194 1.74
22 0.00 22
9 0.00 9

39 0.00 39
29 0.00 29

Borehole diameter factor
Rod length factor
Sampling method factor

Number of blows corrected for 60% energy

Fines correction
Number of blows corrected for 60% energy and

fines
Cyclic Resistance Ratio for My 7.50

0.233
0.111

3.025

4.000

Factor of safety against liquefaction

1.94
0.88

2.00

2.00

CLig v.2.3.1.15 - CPT Liquefaction Assessment Software - Report created on: 17/10/2023, 10:09:43 am
SPT BASED LIQUEFACTION ANALYSIS REPORT

Project title : Liquefaction Assessment - 511185

Name : BHO3_SLS2

:: Input param

eters and analysis properties ::

Analysis method: Idriss & Boulanger 2014 G.W.T. (in-situ): 2.20
Fines correction method: Idriss & Boulanger 2014 G.W.T. (earthq.): 1.70
Sampling method: Standard Sample Earthquake magnitude Mw: 6.00
Borehole diameter: 65 mm to 11 5mm Peak ground acceleration: 0.19
Rod length: 1.50 SPT results rounding mode: Nearest
Hammer energy ratio: 0.82

EQ site conditions:  Same as initial

Project file: G:\Jobs\51\511185\Docs\Geo\GEO Stage 2\Borehole Testing\BH 01-08_Borehole SPT Assessment_02.clq

Location : 518 Rangiora Woodend Road & 4 Golf Links Road Borehole
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N SPT plot CSR vs CRR plot
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CLig v.2.3.1.15 - CPT Liquefaction . Assessment Software - Report
created on: 17/10/2023, 10:10:56 am R
CPT name: BHO3_SLS2
L)
o' ‘
CSR*
1 ' 1 ' 1 ' 1 ' 1 1 ' 1 ' 1 ' 1 ' 1 ' 1
1 1.65 20.00 0.00 33.00 0.00 33.00 0.98 0.121 1.10 1.72 1.48 2.000

Project file: G:\Jobs\51\511185\Docs\Geo\GEO Stage 2\Borehole Testing\BH 01-08_Borehole SPT Assessment_02.clq



This software is licensed to: Eliot Sinclair & Partners Ltd

:: Cyclic Stress Ratio fully adjusted (CSR*) numeric results ::

No Depth Weight Uo Ov Ext. Load o'y

6

7

(m) (kN/m3) (kPa) (kPa) (kPa) (kPa)
3.15 20.00 1422 63.00 0.00 48.78
4.65 20.00 28.94  93.00 0.00 64.06
6.25 20.00 44.64  125.00 0.00 80.36
7.75 20.00 59.35 155.00 0.00 95.65
9.25 20.00 74.07  185.00 0.00 110.93

10.75 20.00 88.78  215.00 0.00 126.22

Abbreviations

Depth:

Uo:
Ov:
1

Ov:
Fd:

CSR:

MSF
Ko:

CSR™:

Depth from free surface where SPT was performed (m) during
eq.

Water pressure at test point (kPa) during eq.

Total overburden pressure at test point (kPa) during eq.
Effective overburden pressure based on GWT during earthquake
(kPa) during eq. Nonlinear shear mass factor

Cyclic Stress Ratio

Effective overburden stress factor

Magnitude Scaling Factor

CSR fully adjusted

:: Cyclic Resistance Ratio (CRR) numeric
results ::

No Depth Fines uo 0, 0'v Nser (m) % (kPa) Cv Ck  Cs  GCs

6

7

(kPa) (kPa)

Fd

0.96
0.93
0.89
0.85
0.82

0.78

Ce

1.65 3.43 0.00 33.00 33.00 24 1.57 0.80 1.00 1.00 0.82

315 7.04 9.32 63.00 53.68 32 1.27 0.85 1.00 1.00 0.82

4.65 0.00 24.03 93.00 68.97 21 1.19 0.95 1.00 1.00 0.82

6.25 0.00 39.73 125.00 8527 26 1.08 0.95
7.75 0.00 5445 155.00 100.55 12 1.00 0.95

9.25 0.00 69.16 185.00 11584 50 0.96 1.00

10.75 0.00 83.88 215.00 131.12 39 0.91 1.00

Abbreviations

Depth:
Weight:
Uo: Ov:

Ov.
Nspr:
Cw:
Ce:

Depth from free surface where SPT was performed (m)
Soil unit weight from previous test point to current (kN/m3)
Water pressure at test point (kPa)

Total overburden pressure at test point (kPa)

Effective overburden pressure based on in situ GWT (kPa)
Number of blows count in the field (blows/30 cm)
Overburden pressure factor

Energy ratio factor

1.00
1.00

1.00
1.00

CSR Ko MSFmax  MSF
0.153 1.10 1.88 1.48 0.091
0.166 1.06 1.45 1.48 0.123
0.171 1.03 1.58 1.48 0.123
0.171 1.00 1.17 1.48 0.154
0.168 0.97 2.20 1.48 0.101
0.164 0.96 1.94 1.48 2.000
F.S.
Ni@o) A(Ni)eo Ni(eo)es CRRz7s
25 0.00 25 4.000 2.00
28 0.14 28  0.384 2.00
19 0.00 19 0.194 1.58
1.00 0.82 22 0.00 22 0.233 1.90
1.00 0.82 9 0.00 9 0.111 0.72
1.00 0.82 39 0.00 39 3.025 2.00
1.00 0.82 29 0.00 29 4.000 2.00
Cs: Borehole diameter factor
Cr: Rod length factor
GCs: Sampling method factor
N1coy: Number of blows corrected for 60% energy
AN Fines correction
1S Number of blows corrected for 60% energy and
N1(60),cs: fines
(F:%Rf's: Cyclic Resistance Ratio for Mw 7.50

Factor of safety against liquefaction

CLiqg v.2.3.1.15 - CPT Liquefaction Assessment Software - Report created on: 17/10/2023, 10:10:56 am

Project file: G:\Jobs\51\511185\Docs\Geo\GEO Stage 2\Borehole Testing\BH 01-08_Borehole SPT Assessment_02.clq
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SPT BASED LIQUEFACTION ANALYSIS REPORT

Project title : Liquefaction Assessment - 511185 Location : 518 Rangiora Woodend Road & 4 Golf Links Road Borehole

Name : BHO3_ULS

:: Input parameters and analysis properties ::

G.W.T. (in-situ):

G.W.T. (earthq.):

Analysis method: Idriss & Boulanger 2014 2.20 EQ site conditions:  Same as initial

Fines correction method: Idriss & Boulanger 2014 1.70
Sampling method: Standard Sample Earthquake magnitude Mw: 7.50

Borehole diameter: 65 mm to 11 5mm Peak ground acceleration: 0.35

Rod length: 1.50 SPT results rounding mode: Nearest
Hammer energy ratio: 0.82

N SPT plot CSR vs CRR plot

17 = N(SPT) 07 CRR CPT]

= N1(60) 0.57] = CSR

e ¥ N(60)CS 7 — CRR
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Project file: G:\Jobs\51\511185\Docs\Geo\GEO Stage 2\Borehole Testing\BH 01-08_Borehole SPT Assessment_02.clq



This software is licensed to: Eliot Sinclair & Partners Ltd

:: Cyclic Stress Ratio fully adjusted (CSR*) numeric results ::

No Depth Weight Uo Ov Ext. Load o'y rd CSR Ko MSFmax  MSF
(m) (kN/m3) (kPa) (kPa) (kPa) (kPa)
CRR 7.50 clean sand curve
0.60
Liquefaction
o
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| No Liquefaction
0.00
0 5 10 15 20 25 30 35 40 45 50
Corrected Blow Count N1(60),cs
CLig v.2.3.1.15 - CPT Liquefaction Assessment Software - Report created on: 17/10/2023, 10:11:57 am
CPT name: BHO3_ULS
CSR*
1 1.65 20.00 0.00 33.00 0.00 33.00 0.99 0.226 1.10 1.72 1.00 2.000
2 3.15 20.00 1422 63.00 0.00 48.78 0.98 0.288 1.10 1.88 1.00 0.262
3 4.65 20.00 28.94  93.00 0.00 64.06 0.96 0.319 1.06 1.45 1.00 0.301
4 6.25 20.00 44.64  125.00 0.00 80.36 0.95 0.335 1.03 1.58 1.00 0.324
5 7.75 20.00 59.35 155.00 0.00 95.65 0.93 0.342 1.00 1.17 1.00 0.340
6 9.25 20.00 74.07 185.00 0.00 110.93 0.91 0.344 0.97 2.20 1.00 0.354
7 10.75 20.00 88.78  215.00 0.00 126.22 0.89 0.343 0.96 1.94 1.00 2.000
Abbreviations
Depth: Depth from free surface where SPT was performed (m) during
Uo: €q.
o Water pressure at test point (kPa) during eq.
o Total overburden pressure at test point (kPa) during eq.
ra: Effective overburden pressure based on GWT during earthquake
CSR: (kPa) during eg. Nonlinear shear mass factor
MSF: Cyclic Stress Ratio
Ko: Effective overburden stress factor
csr*:  Magnitude Scaling Factor
CSR fully adjusted
i1 Cyclic Resistance Ratio (CRR) numeric
results ::
F.S.
No Depth Fines u, 0, 6"y Nser(m) % (kPa) 8 Crk Cs Cs Ce Nieo) A(Ni)eo Nigores CRR7s

1

2

(kPa) (kPa)

1.65

3.15

343 0.00 33.00 33.00 24 1.57 0.80 1.00 1.00 0.82

7.04 9.32

63.00 53.68 32 1.27 0.85 1.00 1.00 0.82

25

28

0.00 25

0.14 28

Project file: G:\Jobs\51\511185\Docs\Geo\GEO Stage 2\Borehole Testing\BH 01-08_Borehole SPT Assessment_02.clq

4.000 2.00

0.384 1.46



Eliot Sinclair & Partners Ltd

el IOI‘ Geotechnical Engineering 20
S | ncla i r Troup Drive, Christchurch
https://www.eliotsinclair.co.nz/
3 465 0.00 24.03 93.00 68.97 21 1.19 0.95 1.00 1.00 0.82 19 0.00 19 0.194 0.65
4 6.25 0.00 39.73 125.00 85.27 26 1.08 0.95 1.00 1.00 0.82 22 0.00 22 0.233 0.72
7.75 0.00 5445 155.00 100.55 12 1.00 0.95 1.00 1.00 0.82 9 0.00 9 0.111 0.33
6 9.25 0.00 69.16 185.00 11584 50 0.96 1.00 1.00 1.00 0.82 39 0.00 39 3.025 2.00
7 10.75 0.00 83.88 215.00 131.12 39 0.91 1.00 1.00 1.00 0.82 29 0.00 29 4.000 2.00
Abbreviations
Depth:  Depth from free surface where SPT was performed (m) Ca: Borehole diameter factor
Weight:  Soil unit weight from previous test point to current (kN/m3) Cr: Rod length factor
Uo: Ov: Water pressure at test point (kPa) Cs: Sampling method factor
o' Total overburden pressure at test point (kPa) N1coy: Number of blows corrected for 60% energy
Nepr: Effective overburden pressure based on in situ GWT (kPa) AN Fines correction
Co Number of blows count in the field (blows/30 cm) 160 Number of blows corrected for 60% energy and
Ce: Overburden pressure factor Nioes:  fineg
' Energy ratio factor ERSR” Cyclic Resistance Ratio for Mw 7.50

Factor of safety against liquefaction

CLig v.2.3.1.15 - CPT Liquefaction Assessment Software - Report created on: 17/10/2023, 10:11:57 am
SPT BASED LIQUEFACTION ANALYSIS REPORT
Project title : Liquefaction Assessment - 511185 Location : 518 Rangiora Woodend Road & 4 Golf Links Road Borehole
Name : BH0O4_SLS1
:: Input parameters and analysis properties ::
G.W.T. (in-situ):
G.W.T. (earthq.):

Analysis method: Idriss & Boulanger 2014 3.10 EQ site conditions: ~ Same as initial

Fines correction method: Idriss & Boulanger 2014 2.60
Sampling method: Standard Sample Earthquake magnitude Mw: 7.50
Peak ground acceleration:

Borehole diameter: 65 mm to 11 5mm 0.13
Rod length: 1.50 SPT results rounding mode: Nearest
Hammer energy ratio: 0.82

Project file: G:\Jobs\51\511185\Docs\Geo\GEO Stage 2\Borehole Testing\BH 01-08_Borehole SPT Assessment_02.clq



This software is licensed to: Eliot Sinclair & Partners Ltd

:: Cyclic Stress Ratio fully adjusted (CSR*) numeric results ::

No Depth Weight Uo Ov Ext. Load o'y rd CSR Ko MSFmax  MSF
(m) (kN/m3) (kPa) (kPa) (kPa) (kPa)
N SPT plot CSR vs CRR plot
17 O N(SPT) 0] CRR CPT
= N1i(60) 0.5 — CSR
N N1(60)cs 1 — CRR
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No Liquefaction
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Corrected Blow Count N1(60),cs

CLig v.2.3.1.15 - CPT Liquefaction Assessment Software - Report created on: 17/10/2023, 10:13:52 am
CPT name: BH04_SLS1

CSR*

1 1.65 20.00 0.00 33.00 0.00 33.00 0.99 0.084 1.10 1.32 1.00 2.000

Project file: G:\Jobs\51\511185\Docs\Geo\GEO Stage 2\Borehole Testing\BH 01-08_Borehole SPT Assessment_02.clq



Eliot Sinclair & Partners Ltd

el IOI' Geotechnical Engineering 20
Sl ncla i r Troup Drive, Christchurch
https://www.eliotsinclair.co.nz/
2 3.15 20.00 5.40 63.00 0.00 57.60 0.98 0.091 1.08 1.62 1.00 0.084
3 4.65 20.00 20.11 93.00 0.00 72.89 0.96 0.104 1.04 1.45 1.00 0.100
4 6.25 20.00 35.81 125.00 0.00 89.19 0.95 0.112 1.01 1.38 1.00 0.110
5 7.75 20.00 50.52 155.00 0.00 104.48 0.93 0.116 1.00 1.14 1.00 0.117
6 9.25 20.00 65.24  185.00 0.00 119.76 0.91 0.118 0.96 2.06 1.00 0.123
7 10.75 20.00 79.95 215.00 0.00 135.05 0.89 0.119 0.94 2.00 1.00 2.000
Abbreviations
Depth: Depth from free surface where SPT was performed (m) during
Uo: €q.
ov: Water pressure at test point (kPa) during eq.
o' Total overburden pressure at test point (kPa) during eq.
Fat Effective overburden pressure based on GWT during earthquake
CSR: (kPa) during eg. Nonlinear shear mass factor
MSE: Cyclic Stress Ratio
Ko Effective overburden stress factor
csR*:  Magnitude Scaling Factor
CSR fully adjusted
:: Cyclic Resistance Ratio (CRR) numeric
results ::
F.S.
No Depth Fines u, 0y 6"y Nser (m) % (kPa) Cn Ck C GCs Ce Nieo) A(Ni)so Niso)cs CRR7s
(kPa) (kPa)
1 165 4.67 0.00 33.00 33.00 14 1.70 0.80 1.00 1.00 0.82 15 0.00 15 4.000 2.00
2 315 096 049 63.00 6251 27 1.22 0.85 1.00 1.00 0.82 23 0.00 23 0.249 2.00
3 465 9.20 15.21 93.00 77.79 21 1.13 0.95 1.00 1.00 0.82 18 0.80 19 0.194 1.95
4 6.25 0.00 3090 125.00 94.10 21 1.04 095 1.00 1.00 0.82 17 0.00 17 0.174 1.58
7.75 0.00 45.62 155.00 10938 9 096 095 1.00 1.00 0.82 7 0.00 7 0.098 0.84
6 9.25 0.00 60.33 185.00 124.67 40 0.93 1.00 1.00 1.00 0.82 31 0.00 31 0.555 2.00
7 10.75 0.00 75.05 215.00 13995 42 0.89 1.00 1.00 1.00 0.82 30 0.00 30 4.000 2.00
Abbreviations
Depth:  Depth from free surface where SPT was performed (m) Cs: Borehole diameter factor
Weight:  Soil unit weight from previous test point to current (kN/m3) Cr: Rod length factor
uo: ov:  Water pressure at test point (kPa) Cs: Sampling method factor
o' Total overburden pressure at test point (kPa) N1coy: Number of blows corrected for 60% energy
Nepr: Effective overburden pressure based on in situ GWT (kPa) AN Fines correction
C: Number of blows count in the field (blows/30 cm) 160 Number of blows corrected for 60% energy and
Ce: Overburden pressure factor NiGoes:  fineg
’ Energy ratio factor ERSR” Cyclic Resistance Ratio for My 7.50

Factor of safety against liquefaction

CLig v.2.3.1.15 - CPT Liquefaction Assessment Software - Report created on: 17/10/2023, 10:13:52 am

Project file: G:\Jobs\51\511185\Docs\Geo\GEO Stage 2\Borehole Testing\BH 01-08_Borehole SPT Assessment_02.clq
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SPT BASED LIQUEFACTION ANALYSIS REPORT

Project title : Liquefaction Assessment - 511185 Location : 518 Rangiora Woodend Road & 4 Golf Links Road Borehole

Name : BH04_SLS2

:: Input parameters and analysis properties ::

G.W.T. (in-situ):

G.W.T. (earthq.):

Analysis method: Idriss & Boulanger 2014 3.10 EQ site conditions:  Same as initial

Fines correction method: Idriss & Boulanger 2014 2.60
Sampling method: Standard Sample Earthquake magnitude Mw: 6.00
Peak ground acceleration:

Borehole diameter: 65 mm to 11 5mm 0.19
Rod length: 1.50 SPT results rounding mode: Nearest
Hammer energy ratio: 0.82
N SPT plot CSR vs CRR plot
17 = N(SPT) 07 CRR CPT]
= N1(60) 0.57 = CSR
N N1(60)cs 7 — CRR
2 17
A 4 157
3 2]
2,57 v
4 3]
J 3.57
51 4]
. 457
S 1S |
2 6 £
a | 557
a 3 ¢
77 6]
—i 6.57]
o .
8! 77
7.57]
97 8
° 8.57]
9
107 ]
9.57]
° 107
117 ]
10.57]
T T T T T T T LA R B IR B E R B
10 20 30 40 0 0.1 02 03 04 05
SPT Blow Count CSR & CRR

Project file: G:\Jobs\51\511185\Docs\Geo\GEO Stage 2\Borehole Testing\BH 01-08_Borehole SPT Assessment_02.clq
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CRR 7.50 clean sand curve

0.60

Liquefaction

0.504

0.404

Fully Adjusted Cyclic Stress Ratio, CSR*
o
W
o
L

No Liquefaction

0.00
0 5 10 15 20 25 30 35 40 45 50
Corrected Blow Count N1(60),cs
CLig v.2.3.1.15 - CPT Liquefaction Assessment Software - Report created on: 17/10/2023, 10:15:21 am
CPT name: BH04_SLS2
CSR”
1 1.65 20.00 0.00 33.00 0.00 33.00 0.98 0.121 1.10 1.32 1.48 2.000
2 3.15 20.00 5.40 63.00 0.00 57.60 0.96 0.129 1.08 1.62 1.48 0.087
3 4.65 20.00 20.11  93.00 0.00 72.89 0.93 0.146 1.04 1.45 1.48 0.110
4 6.25 20.00 35.81 125.00 0.00 89.19 0.89 0.154 1.01 1.38 1.48 0.123
5 7.75 20.00 50.52  155.00 0.00 104.48 0.85 0.157 1.00 1.14 1.48 0.145
6 9.25 20.00 65.24  185.00 0.00 119.76 0.82 0.156 0.96 2.06 1.48 0.099
7 10.75 20.00 79.95 215.00 0.00 135.05 0.78 0.153 0.94 2.00 1.48 2.000
Abbreviations
Depth: Depth from free surface where SPT was performed (m) during
Uo: €q.
o Water pressure at test point (kPa) during eq.
o Total overburden pressure at test point (kPa) during eq.
Fat Effective overburden pressure based on GWT during earthquake
CSR: (kPa) during eg. Nonlinear shear mass factor
MSF: Cyclic Stress Ratio
Ko: Effective overburden stress factor
csr*:  Magnitude Scaling Factor

CSR fully adjusted

Project file: G:\Jobs\51\511185\Docs\Geo\GEO Stage 2\Borehole Testing\BH 01-08_Borehole SPT Assessment_02.clq
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:: Cyclic Stress Ratio fully adjusted (CSR*) numeric results ::

No Depth Weight Uo Ov Ext. Load o'y rd CSR Ko MSFmax  MSF
(m) (kN/m3) (kPa) (kPa) (kPa) (kPa)
:: Cyclic Resistance Ratio (CRR) numeric
results ::
F.S.
No Depth Fines u, 0y 6"y Nser (m) % (kPa) Cvn Cr Cs GCs Ce Nieo) A(Ni)eo Niso)es CRR7s
(kPa) (kPa)
1 165 4.67 0.00 33.00 33.00 14 1.70 0.80 1.00 1.00 0.82 15 0.00 15 4.000 2.00
2 315 096 049 63.00 6251 27 1.22 0.85 1.00 1.00 0.82 23 0.00 23 0.249 2.00
4.65 9.20 15.21 93.00 77.79 21 1.13 0.95 1.00 1.00 0.82 18 0.80 19 0.194 1.77
4 6.25 0.00 3090 125.00 94.10 21 1.04 095 1.00 1.00 0.82 17 0.00 17 0.174 1.41
7.75 0.00 4562 155.00 109.38 9 0.96 0.95 1.00 1.00 0.82 7 0.00 7 0.098 0.68
6 9.25 0.00 60.33 185.00 12467 40 0.93 1.00 1.00 1.00 0.82 31 0.00 31 0.555 2.00
7 10.75 0.00 75.05 215.00 13995 42 0.89 1.00 1.00 1.00 0.82 30 0.00 30 4.000 2.00
Abbreviations
Depth:  Depth from free surface where SPT was performed (m) Ce: Borehole diameter factor
Weight:  Soil unit weight from previous test point to current (kN/m3) Cr: Rod length factor
uo: ov:  Water pressure at test point (kPa) Cs: Sampling method factor
o' Total overburden pressure at test point (kPa) N1coy: Number of blows corrected for 60% energy
Nepr: Effective overburden pressure based on in situ GWT (kPa) AN Fines correction
Ca: Number of blows count in the field (blows/30 cm) 1(60)"_:5 Number of blows corrected for 60% energy and
Ce: Overburden pressure factor ggg”“ fines
' Energy ratio factor FS 73+ Cyclic Resistance Ratio for Mw 7.50

Factor of safety against liquefaction

CLig v.2.3.1.15 - CPT Liquefaction Assessment Software - Report created on: 17/10/2023, 10:15:21 am
SPT BASED LIQUEFACTION ANALYSIS REPORT

Project title : Liquefaction Assessment - 511185
Name : BHO4_ULS

:: Input parameters and analysis properties ::
G.W.T. (in-situ):
G.W.T. (earthq.):

Analysis method: Idriss & Boulanger 2014

Idriss & Boulanger 2014
Standard Sample

Fines correction method:
Sampling method:

65 mm to 11 5mm
1.50
0.82

Borehole diameter:
Rod length:
Hammer energy ratio:

Earthquake magnitude Mw:
Peak ground acceleration:

3.10

2.60
7.50

0.35

SPT results rounding mode: Nearest

Location : 518 Rangiora Woodend Road & 4 Golf Links Road Borehole

EQ site conditions:  Same as initial

Project file: G:\Jobs\51\511185\Docs\Geo\GEO Stage 2\Borehole Testing\BH 01-08_Borehole SPT Assessment_02.clq
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N SPT plot CSR vs CRR plot
17 O N(SPT) 07 CRR CPT
= N1(60) 0.5 = CSR
< N1(60)cs 7 — CRR
2 17
w7 1.5‘_
3 27] \
257 . 4
4 3]
J 3.57]
51 4
- - 4.57]
1S 1S .
< L = 5
c 6 < ]
a 8 557
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7.57]
97 8]
T 857
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| 9.57]
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SPT Blow Count CSR & CRR
0.60 CRR 7.50 clean sand curve

0.504

0.404

Fully Adjusted Cyclic Stress Ratio, CSR*

Liquefaction

No Liquefaction

10 15 20 25 30 35

Corrected Blow Count N1(60),cs

40 45 50

CLig v.2.3.1.15 - CPT Liquefaction Assessment
CPT name: BH04_ULS

CSR*

1 1.65 20.00 0.00 33.00

+ Software - Report created on: 17/10/2023, 10:16:40 am

0.00 33.00 0.99 0.226 1.10 1.32 1.00

Project file: G:\Jobs\51\511185\Docs\Geo\GEO Stage 2\Borehole Testing\BH 01-08_Borehole SPT Assessment_02.clq
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:: Cyclic Stress Ratio fully adjusted (CSR*) numeric results ::

No Depth Weight Uo Ov Ext. Load o'y

6

7

(m) (kN/m3) (kPa) (kPa) (kPa) (kPa)
3.15 20.00 5.40 63.00 0.00 57.60
4.65 20.00 20.11  93.00 0.00 72.89
6.25 20.00 35.81 125.00 0.00 89.19
7.75 20.00 50.52  155.00 0.00 104.48
9.25 20.00 65.24  185.00 0.00 119.76

10.75 20.00 79.95 215.00 0.00 135.05

Abbreviations

Depth:

Uo:
Ov:
1

Ov:
Fd:

CSR:

MSF
Ko:

CSR™:

Depth from free surface where SPT was performed (m) during
eq.

Water pressure at test point (kPa) during eq.

Total overburden pressure at test point (kPa) during eq.
Effective overburden pressure based on GWT during earthquake
(kPa) during eg. Nonlinear shear mass factor

Cyclic Stress Ratio

Effective overburden stress factor

Magnitude Scaling Factor

CSR fully adjusted

:: Cyclic Resistance Ratio (CRR) numeric
results ::

No Depth Fines uo 0, 0'v Nser (m) % (kPa) Cv Ck  Cs  GCs

6
7

(kPa) (kPa)

Fd

0.98
0.96
0.95
0.93
0.91
0.89

Ce

1.65 4.67 0.00 33.00 33.00 14 1.70 0.80 1.00 1.00 0.82

3.15 096 049 63.00 62.51 27 1.22 0.85 1.00 1.00 0.82

4.65 9.20 15.21 93.00 77.79 21 1.13 0.95 1.00 1.00 0.82

6.25 0.00 3090 125.00 94.10 21 1.04 0.95
7.75 0.00 4562 155.00 109.38 9 0.96 0.95

9.25 0.00 6033 185.00 124.67 40 0.93 1.00

10.75 0.00 75.05 215.00 13995 42 0.89 1.00

Abbreviations

Depth:
Weight:
Uo: Ov:

Ov.
Nspr:
Cw:
Ce:

Depth from free surface where SPT was performed (m)
Soil unit weight from previous test point to current (kN/m3)
Water pressure at test point (kPa)

Total overburden pressure at test point (kPa)

Effective overburden pressure based on in situ GWT (kPa)
Number of blows count in the field (blows/30 cm)
Overburden pressure factor

Energy ratio factor

1.00
1.00

1.00
1.00

CSR

0.244
0.280
0.302
0.313
0.319

0.321

Nieo) A

Ko MSFmax  MSF

1.08 1.62 1.00 0.225
1.04 1.45 1.00 0.269
1.01 1.38 1.00 0.297
1.00 1.14 1.00 0.314
0.96 2.06 1.00 0.331

0.94 2.00 1.00 2.000

F.S.
(N1)eso Nio)s CRRzs

15 0.00 15 4.000 2.00
23 0.00 23 0.249 1.11
18  0.80 19 0.194 0.72
1.00 0.82 17 0.00 17 0.174 0.59
1.00 0.82 7 0.00 7 0.098 0.31
1.00 0.82 31 0.00 31 0.555 1.68
1.00 0.82 30 0.00 30 4.000 2.00
Cs: Borehole diameter factor
Cr: Rod length factor
GCs: Sampling method factor
N1coy: Number of blows corrected for 60% energy
AN Fines correction
1S Number of blows corrected for 60% energy and
N1(60),cs: fines
(F:%Rf's: Cyclic Resistance Ratio for Mw 7.50

Factor of safety against liquefaction

CLig v.2.3.1.15 - CPT Liquefaction Assessment Software - Report created on: 17/10/2023, 10:16:40 am

Project file: G:\Jobs\51\511185\Docs\Geo\GEO Stage 2\Borehole Testing\BH 01-08_Borehole SPT Assessment_02.clq
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SPT BASED LIQUEFACTION ANALYSIS REPORT

Project title : Liquefaction Assessment - 511185 Location : 518 Rangiora Woodend Road & 4 Golf Links Road Borehole

Name : BHO5_SLS1

:: Input parameters and analysis properties ::

G.W.T. (in-situ):

G.W.T. (earthq.):

Analysis method: Idriss & Boulanger 2014 2.50 EQ site conditions:  Same as initial

Fines correction method: Idriss & Boulanger 2014 2.00
Sampling method: Standard Sample Earthquake magnitude Mw: 7.50
Peak ground acceleration:

Borehole diameter: 65 mm to 11 5mm 0.13
Rod length: 1.50 SPT results rounding mode: Nearest
Hammer energy ratio: 0.82
N SPT plot CSR vs CRR plot
17 = N(SPT) 07 CRR CPT]
= N1(60) 0.57] = CSR
N1(60 ] = CRR
2 1>z == 17
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Project file: G:\Jobs\51\511185\Docs\Geo\GEO Stage 2\Borehole Testing\BH 01-08_Borehole SPT Assessment_02.clq
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:: Cyclic Stress Ratio fully adjusted (CSR*) numeric results ::

No Depth

(m)

Weight
(kN/m3)

Fully Adjusted Cyclic Stress Ratio, CSR*

Uo
(kPa)

0.60

Ov
(kPa)

Ext. Load
(kPa)

a'v
(kPa)

Fd

CSR

Ko MSFmax

CRR 7.50 clean sand curve

°©

n

o
]

0.404

Liquefaction

No Liquefaction

10

15

20

25

30 35 40 45
Corrected Blow Count N1(60),cs

50

MSF

CLig v.2.3.1.15 - CPT Liquefaction Assessment Software - Report created on: 17/10/2023, 10:20:05 am

6

7

1.65
3.15
4.65
6.25
7.75
9.25

10.75

Abbreviations

Depth:

Uo:
Ov.
ov':
Fd:
CSR
MSF
Ko:

CSR™:

20.00
20.00
20.00
19.00
19.00
20.00

20.00

0.00
11.28
26.00
41.69
56.41
71.12

85.84

33.00
63.00
93.00
123.40
151.90
181.90

211.90

0.00
0.00
0.00
0.00
0.00
0.00
0.00

33.00
51.72
67.00
81.71
95.49
110.78

126.06

Depth from free surface where SPT was performed (m) during

€q.

Water pressure at test point (kPa) during eq.
Total overburden pressure at test point (kPa) during eq.
Effective overburden pressure based on GWT during earthquake
(kPa) during eg. Nonlinear shear mass factor

Cyclic Stress Ratio

Effective overburden stress factor
Magnitude Scaling Factor

CSR fully adjusted

i1 Cyclic Resistance Ratio (CRR) numeric
results ::

No Depth Fines uo Gy 6'v Nser (M) % (kPa) Cwn
(kPa) (kPa)

1

2

1.65

3.15

1.32 0.00 33.00 33.00 24 1.57 0.80 1.00 1.00 0.82

0.00 6.38 63.00 56.62

4 1.44 0.85 1.00 1.00 0.82

Cr

Cs

Cs

0.99
0.98
0.96
0.95
0.93
0.91

0.89

Ce

0.084 1.10 1.72 1.00
0.101 1.05 1.11 1.00
0.113 1.08 1.94 1.00
0.121 1.02 1.32 1.00
0.125 1.01 1.21 1.00
0.126 0.98 1.77 1.00
0.126 0.93 2.20 1.00

F.S.

Nieo) A(Ni)so Niso)cs CRR7s

25 0.00 25  4.000 2.00
4 0.00 4 0.080 0.84

Project file: G:\Jobs\51\511185\Docs\Geo\GEO Stage 2\Borehole Testing\BH 01-08_Borehole SPT Assessment_02.clq

CPT name: BHO5_SLS1

CSR*

2.000
0.096
0.105
0.118
0.124
0.128

2.000
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3 465 0.00 21.09 93.00 71.91

4 6.25 28.50
7.75 27.60

6 9.25 0.00

7 10.75 0.00

Abbreviations

36.79
51.50

66.22

80.93

Eliot Sinclair & Partners Ltd
Geotechnical Engineering 20
Troup Drive, Christchurch

123.40
151.90

181.90

211.90

33 1.13 0.95 1.00 1.00

86.61
100.40

115.68

130.97

11 1.08
8 1.00
33 0.95
50 0.92

Depth:  Depth from free surface where SPT was performed (m)
Weight:  Soil unit weight from previous test point to current (kN/m3)

Uo: Ov: Water pressure at test point (kPa)

o' Total overburden pressure at test point (kPa)

Nepr: Effective overburden pressure based on in situ GWT (kPa)
Cu: Number of blows count in the field (blows/30 cm)

Ce: Overburden pressure factor

Energy ratio factor

0.95
0.95

1.00
1.00

0.82
1.00
1.00

1.00
1.00

29
1.00
1.00

1.00
1.00

Cs:

Cr:

Cs:
N1(60):
AN1(60),cs
N1(60),cs:
CRR7:s:
F.S.:

0.00
0.82
0.82

0.82

0.82

Borehole diameter factor

29 0.429 2.00

10 5.30
6 5.25
26 0.00
38 0.00

Rod length factor

Sampling method factor
Number of blows corrected for 60% energy

Fines correction
Number of blows corrected for 60% energy and

fines

15 0.156
11 0.125
26 0.316
38 4.000

Cyclic Resistance Ratio for Mw 7.50
Factor of safety against liquefaction

1.32
1.01

2.00

2.00

CLig v.2.3.1.15 - CPT Liquefaction Assessment Software - Report created on: 17/10/2023, 10:20:05 am

Project title : Liquefaction Assessment - 511185

Name : BHO5_SLS2

:: Input parameters and analysis properties ::

Analysis method:
Fines correction method:
Sampling method:

Borehole diameter:
Rod length:
Hammer energy ratio:

Idriss & Boulanger 2014

Idriss & Boulanger 2014
Standard Sample

65 mm to 11 5mm

1.50
0.82

G.W.T. (in-situ):

G.W.T. (earthq.):

Earthquake magnitude Mw:
Peak ground acceleration:

2.50
2.00

6.00
0.19

SPT results rounding mode: Nearest

SPT BASED LIQUEFACTION ANALYSIS REPORT
Location : 518 Rangiora Woodend Road & 4 Golf Links Road Borehole

EQ site conditions:

Project file: G:\Jobs\51\511185\Docs\Geo\GEO Stage 2\Borehole Testing\BH 01-08_Borehole SPT Assessment_02.clq

Same as initial



This software is licensed to: Eliot Sinclair & Partners Ltd

:: Cyclic Stress Ratio fully adjusted (CSR*) numeric results ::

No Depth Weight Uo Ov Ext. Load o'y rd CSR Ko MSFmax  MSF
(m) (kN/m3) (kPa) (kPa) (kPa) (kPa)
N SPT plot CSR vs CRR plot
17 O N(SPT) 0] CRR CPT
= N1i(60) 0.57 — CSR
N1(60 ] — CRR
277 A 4 e 17]
157 \
. h 4
3-% 2]
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2 ' B 557
] 8 ]
77 67
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8 ]
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107 T
9.57]
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117 ]
10.57
— T — T
10 20 30 40 50 0 0.1 0.2 0.3 0.4 0.5
SPT Blow Count CSR & CRR
0.60 CRR 7.50 clean sand curve

Liquefaction

0.504

0.404

o]

Fully Adjusted Cyclic Stress Ratio, CSR*

No Liquefaction

0 5 10 15 20 25 30 35 40 45 50
Corrected Blow Count N1(60),cs

CLig v.2.3.1.15 - CPT Liquefaction Assessment Software - Report created on: 17/10/2023, 10:20:51 am
CPT name: BHO5_SLS2

CSR*

1 1.65 20.00 0.00 33.00 0.00 33.00 0.98 0.121 1.10 1.72 1.48 2.000

Project file: G:\Jobs\51\511185\Docs\Geo\GEO Stage 2\Borehole Testing\BH 01-08_Borehole SPT Assessment_02.clq
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2 3.15 20.00 11.28 63.00 0.00 51.72 0.96 0.144 1.05 1.11 1.48 0.129
3 4.65 20.00 26.00 93.00 0.00 67.00 0.93 0.159 1.08 1.94 1.48 0.094
4 6.25 20.00 41.69 125.00 0.00 83.31 0.89 0.165 1.02 1.32 1.48 0.136
5 7.75 20.00 56.41 155.00 0.00 98.59 0.85 0.166 1.00 1.21 1.48 0.147
6 9.25 20.00 71.12  185.00 0.00 113.88 0.82 0.164 0.98 1.72 1.48 0.117
7 10.75 20.00 85.84  215.00 0.00 129.16 0.78 0.160 0.93 2.20 1.48 2.000
Abbreviations
Depth: Depth from free surface where SPT was performed (m) during
Uo: €q.
ov: Water pressure at test point (kPa) during eq.
o' Total overburden pressure at test point (kPa) during eq.
Fat Effective overburden pressure based on GWT during earthquake
CSR: (kPa) during eg. Nonlinear shear mass factor
MSE: Cyclic Stress Ratio
Ko Effective overburden stress factor
csR*:  Magnitude Scaling Factor
CSR fully adjusted
:: Cyclic Resistance Ratio (CRR) numeric
results ::
F.S.
No Depth Fines u, 0y 6"y Nser (m) % (kPa) Cn Ck C GCs Ce Nieo) A(Ni)so Niso)cs CRR7s
(kPa) (kPa)
1 165 132 0.00 33.00 33.00 24 1.57 0.80 1.00 1.00 0.82 25 0.00 25 4.000 2.00
2 315 0.00 6.38 63.00 5662 4 1.44 0.85 1.00 1.00 0.82 4 0.00 4 0.080 0.62
3 465 0.00 21.09 93.00 7191 33 1.13 0.95 1.00 1.00 0.82 29 0.00 29 0.429 2.00
4 6.25 28.50 36.79 125.00 8821 11 1.07 0.95 1.00 1.00 0.82 10 5.30 15 0.156 1.15
7.75 27.60 51.50 155.00 103.50 8 0.99 0.95 1.00 1.00 0.82 6 5.25 11 0.125 0.85
6 9.25 0.00 66.22 185.00 118.78 33 0.94 1.00 1.00 1.00 0.82 25 0.00 25 0.290 2.00
7 10.75 0.00 80.93 215.00 134.07 50 092 1.00 1.00 1.00 0.82 38 0.00 38 4.000 2.00
Abbreviations
Depth:  Depth from free surface where SPT was performed (m) Cs: Borehole diameter factor
Weight:  Soil unit weight from previous test point to current (kN/m3) Cr: Rod length factor
uo: ov:  Water pressure at test point (kPa) Cs: Sampling method factor
o' Total overburden pressure at test point (kPa) N1coy: Number of blows corrected for 60% energy
Nepr: Effective overburden pressure based on in situ GWT (kPa) AN Fines correction
C: Number of blows count in the field (blows/30 cm) 160 Number of blows corrected for 60% energy and
Ce: Overburden pressure factor NiGoes:  fineg
’ Energy ratio factor ERSR” Cyclic Resistance Ratio for My 7.50

Factor of safety against liquefaction

CLig v.2.3.1.15 - CPT Liquefaction Assessment Software - Report created on: 17/10/2023, 10:20:51 am

Project file: G:\Jobs\51\511185\Docs\Geo\GEO Stage 2\Borehole Testing\BH 01-08_Borehole SPT Assessment_02.clq
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SPT BASED LIQUEFACTION ANALYSIS REPORT
Project title : Liquefaction Assessment - 511185
Name : BHO5_ULS
:: Input parameters and analysis properties ::

G.W.T. (in-situ):

Location : 518 Rangiora Woodend Road & 4 Golf Links Road Borehole

Analysis method: Idriss & Boulanger 2014 2.50 EQ site conditions:  Same as initial
Fines correction method: Idriss & Boulanger 2014 G.W.T. (earthq.): 2.00
Sampling method: Standard Sample Earthquake magnitude Mw: 7.50
Borehole diameter: 65 mm to 11 5mm Peak ground acceleration: 0.35

Rod length: 1.50 SPT results rounding mode: Nearest
Hammer energy ratio: 0.82
N SPT plot CSR vs CRR plot
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CRR 7.50 clean sand curve
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0.404

Fully Adjusted Cyclic Stress Ratio, CSR*
o
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No Liquefaction

0.00
0 5 10 15 20 25 30 35 40 45 50
Corrected Blow Count N1(60),cs
CLig v.2.3.1.15 - CPT Liquefaction Assessment Software - Report created on: 17/10/2023, 10:21:35 am
CPT name: BHO5_ULS
CSR”
1 1.65 20.00 0.00 33.00 0.00 33.00 0.99 0.226 1.10 1.72 1.00 2.000
2 3.15 20.00 11.28  63.00 0.00 51.72 0.98 0.272 1.05 1.11 1.00 0.259
3 4.65 20.00 26.00 93.00 0.00 67.00 0.96 0.305 1.08 1.94 1.00 0.282
4 6.25 20.00 41.69 125.00 0.00 83.31 0.95 0.323 1.02 1.32 1.00 0.316
5 7.75 20.00 56.41 155.00 0.00 98.59 0.93 0.332 1.00 1.21 1.00 0.331
6 9.25 20.00 71.12  185.00 0.00 113.88 0.91 0.335 0.98 1.72 1.00 0.342
7 10.75 20.00 85.84  215.00 0.00 129.16 0.89 0.335 0.93 2.20 1.00 2.000
Abbreviations
Depth: Depth from free surface where SPT was performed (m) during
Uo: €q.
o Water pressure at test point (kPa) during eq.
o Total overburden pressure at test point (kPa) during eq.
Fat Effective overburden pressure based on GWT during earthquake
CSR: (kPa) during eg. Nonlinear shear mass factor
MSF: Cyclic Stress Ratio
Ko: Effective overburden stress factor
csr*:  Magnitude Scaling Factor

CSR fully adjusted

Project file: G:\Jobs\51\511185\Docs\Geo\GEO Stage 2\Borehole Testing\BH 01-08_Borehole SPT Assessment_02.clq



This software is licensed to: Eliot Sinclair & Partners Ltd

:: Cyclic Stress Ratio fully adjusted (CSR*) numeric results ::

No Depth Weight Uo Ov Ext. Load o'y rd CSR Ko MSFmax  MSF
(m) (kN/m3) (kPa) (kPa) (kPa) (kPa)

:: Cyclic Resistance Ratio (CRR) numeric
results ::
F.S.

No Depth Fines u, 0y 6"y Nser (m) % (kPa) Cvn Cr Cs GCs Ce Nieo) A(Ni)eo Nio)es CRR7s
(kPa) (kPa)

1 165 132 0.00 33.00 33.00 24 1.57 0.80 1.00 1.00 0.82 25 0.00 25 4.000 2.00
2 3.15 0.00 6.38 63.00 56.62 4 1.44 0.85 1.00 1.00 0.82 4 0.00 4 0.080 0.31

4.65 0.00 21.09 93.00 7191 33 1.13 0.95 1.00 1.00 0.82 29 0.00 29 0.429 1.52

4 6.25 28.50 36.79 125.00 88.21 11 1.07 0.95 1.00 1.00 0.82 10 5.30 15 0.156 0.49
7.75 27.60 51.50 155.00 103.50 8 0.99 0.95 1.00 1.00 0.82 6 5.25 11 0.125 0.38

6 9.25 0.00 66.22 185.00 118.78 33 0.94 1.00 1.00 1.00 0.82 25 0.00 25 0.290 0.85
7 10.75 0.00 80.93 215.00 134.07 50 092 1.00 1.00 1.00 0.82 38 0.00 38 4.000 2.00

Abbreviations

Depth: Depth from free surface where SPT was performed (m) Cs: Borehole diameter factor

Weight:  Soil unit weight from previous test point to current (kN/m3) Cr: Rod length factor

Uo: Water pressure at test point (kPa) Cs: Sampling method factor

ov: Total overburden pressure at test point (kPa) N1(s0): Number of blows corrected for 60% energy

ov': Effective overburden pressure based on in situ GWT (kPa) ANi60),cs Fines correction

Nspr: Number of blows count in the field (blows/30 cm) Nieoycs:  Number of blows corrected for 60% energy and fines

Cn: Overburden pressure factor CRR7.s:  Cyclic Resistance Ratio for My 7.50

Ce: Energy ratio factor F.S.: Factor of safety against liquefaction

CLig v.2.3.1.15 - CPT Liquefaction Assessment Software - Report created on: 17/10/2023, 10:21:35 am
SPT BASED LIQUEFACTION ANALYSIS REPORT
Project title : Liquefaction Assessment - 511185 Location : 518 Rangiora Woodend Road & 4 Golf Links Road Borehole
Name : BHO6_SLS1
:: Input parameters and analysis properties ::

G.W.T. (in-situ):

Analysis method: Idriss & Boulanger 2014 2.20 EQ site conditions: ~ Same as initial
Fines correction method: Idriss & Boulanger 2014 G.W.T. (earthq.): 1.70

Sampling method: Standard Sample Earthquake magnitude Mw: 7.50

Borehole diameter: 65 mm to 11 5mm Peak ground acceleration: 0.13

Rod length: 1.50 SPT results rounding mode: Nearest

Hammer energy ratio: 0.82

Project file: G:\Jobs\51\511185\Docs\Geo\GEO Stage 2\Borehole Testing\BH 01-08_Borehole SPT Assessment_02.clq



Eliot Sinclair & Partners Ltd

el IOI‘ Geotechnical Engineering 20
S|nclq ir Troup Drive, Christchurch
https://www.eliotsinclair.co.nz/

N SPT plot CSR vs CRR plot
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CLig v.2.3.1.15 - CPT Liquefaction Assessment , + Software - Report created on: 17/10/2023, 10:23:47 am
CPT name: BH06_SLS1 o
CSR* "
| ' | ' | ' | ' | ' | ' | ' | ' | ' | ' |
1 1.65 20.00 0.00 33.00 0.00 33.00 0.99 0.084 1.10 1.82 1.00 2.000

Project file: G:\Jobs\51\511185\Docs\Geo\GEO Stage 2\Borehole Testing\BH 01-08_Borehole SPT Assessment_02.clq



This software is licensed to: Eliot Sinclair & Partners Ltd

:: Cyclic Stress Ratio fully adjusted (CSR*) numeric results ::

No Depth Weight Uo Ov Ext. Load o'y rd
(m) (kN/m3) (kPa) (kPa) (kPa) (kPa)
2 3.15 20.00 1422  63.00 0.00 48.78 0.98
3 4.65 20.00 28.94  93.00 0.00 64.06 0.96
4 6.25 20.00 44.64 125.00 0.00 80.36 0.95
5 7.75 20.00 59.35 155.00 0.00 95.65 0.93
6 9.25 19.00 74.07  183.50 0.00 109.43 0.91
7 10.75 20.00 88.78  213.50 0.00 124.72 0.89
Abbreviations
Depth: Depth from free surface where SPT was performed (m) during
Uo: eq.
(o Water pressure at test point (kPa) during eq.
o' Total overburden pressure at test point (kPa) during eq.
Fat Effective overburden pressure based on GWT during earthquake
CSR: (kPa) during eg. Nonlinear shear mass factor
MSE: Cyclic Stress Ratio
Ko Effective overburden stress factor
cSR*:  Magnitude Scaling Factor
CSR fully adjusted
:: Cyclic Resistance Ratio (CRR) numeric
results ::
No Depth Fines uo 6. 0'vNser(m) % (kPa) Cv Crk C G Ce
(kPa) (kPa)
1 165 0.00 0.00 33.00 33.00 27 1.53 0.80 1.00 1.00 0.82
2 315 0.00 9.32 63.00 53.68 31 1.27 0.85 1.00 1.00 0.82
4.65 0.00 24.03 93.00 68.97 35 1.15 0.95 1.00 1.00 0.82
4 6.25 0.00 39.73 125.00 85.27 12 1.10 0.95 1.00
7.75 0.00 54.45 155.00 100.55 27 1.00 0.95 1.00
6 9.25 150 69.16 183.50 11434 13 0.94 1.00 1.00
7 10.75 0.00 83.88 213.50 129.62 33 0.90 1.00 1.00
Abbreviations
Depth:  Depth from free surface where SPT was performed (m)
Weight:  Soil unit weight from previous test point to current (kN/m3)
uo: ov:  Water pressure at test point (kPa)
o Total overburden pressure at test point (kPa)
Nepr: Effective overburden pressure based on in situ GWT (kPa)
Cu: Number of blows count in the field (blows/30 cm)
CE:‘ Overburden pressure factor

Energy ratio factor

CSR Ko MSFmax  MSF
0.107 1.10 1.88 1.00 0.097
0.118 1.10 2.06 1.00 0.108
0.124 1.02 1.19 1.00 0.122
0.127 1.01 1.53 1.00 0.126
0.128 0.99 1.19 1.00 0.129
0.128 0.97 1.67 1.00 2.000
F.S.
Ni@o) A(Ni)eo Ni(eo)es CRRz7s
27 0.00 27 4.000 2.00
28  0.00 28  0.384 2.00
31 0.00 31 0.555 2.00
1.00 0.82 10 0.00 10 0.118 0.97
1.00 0.82 21 0.00 21 0.219 1.74
1.00 0.82 10 0.00 10 0.118  0.91
1.00 0.82 24 0.00 24 4.000 2.00
Cs: Borehole diameter factor
Cr: Rod length factor
GCs: Sampling method factor
N1coy: Number of blows corrected for 60% energy
AN Fines correction
1S Number of blows corrected for 60% energy and
N1(60),cs: fines
(F:%Rf's: Cyclic Resistance Ratio for Mw 7.50

Factor of safety against liquefaction

CLig v.2.3.1.15 - CPT Liquefaction Assessment Software - Report created on: 17/10/2023, 10:23:47 am

Project file: G:\Jobs\51\511185\Docs\Geo\GEO Stage 2\Borehole Testing\BH 01-08_Borehole SPT Assessment_02.clq



" Eliot Sinclair & Partners Ltd
el IOI‘ Geotechnical Engineering 20

S | nclq i r Troup Drive, Christchurch

https://www.eliotsinclair.co.nz/
SPT BASED LIQUEFACTION ANALYSIS REPORT
Project title : Liquefaction Assessment - 511185 Location : 518 Rangiora Woodend Road & 4 Golf Links Road Borehole
Name : BH06_SLS2
:: Input parameters and analysis properties ::

G.W.T. (in-situ): 2.20 EQ site conditions: ~ Same as initial
Fines correction method: Idriss & Boulanger 2014 G.W.T. (earthq.): 1.70
Sampling method: Standard Sample Earthquake magnitude Mw: 6.00
Peak ground acceleration:

Analysis method: Idriss & Boulanger 2014

Borehole diameter: 65 mm to 11 5mm 0.19
Rod length: 1.50 SPT results rounding mode: Nearest
Hammer energy ratio: 0.82
N SPT plot CSR vs CRR plot
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This software is licensed to: Eliot Sinclair & Partners Ltd

:: Cyclic Stress Ratio fully adjusted (CSR*) numeric results ::

No Depth Weight Uo Ov Ext. Load o'y rd CSR Ko MSFmax  MSF
(m) (kN/m3) (kPa) (kPa) (kPa) (kPa)
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CLig v.2.3.1.15 - CPT Liquefaction Assessment Software - Report created on: 17/10/2023, 10:24:41 am
CPT name: BH06_SLS2
CSR*
1 1.65 20.00 0.00 33.00 0.00 33.00 0.98 0.121 1.10 1.82 1.48 2.000
2 3.15 20.00 1422 63.00 0.00 48.78 0.96 0.153 1.10 1.88 1.48 0.091
3 4.65 20.00 28.94  93.00 0.00 64.06 0.93 0.166 1.10 2.06 1.48 0.092
4 6.25 20.00 44.64  125.00 0.00 80.36 0.89 0.171 1.02 1.19 1.48 0.150
5 7.75 20.00 59.35 155.00 0.00 95.65 0.85 0.171 1.01 1.53 1.48 0.128
6 9.25 19.00 74.07 183.50 0.00 109.43 0.82 0.169 0.99 1.19 1.48 0.153
7 10.75 20.00 88.78  213.50 0.00 124.72 0.78 0.165 0.97 1.67 1.48 2.000
Abbreviations
Depth: Depth from free surface where SPT was performed (m) during
Uo: €q.
o Water pressure at test point (kPa) during eq.
o Total overburden pressure at test point (kPa) during eq.
ra: Effective overburden pressure based on GWT during earthquake
CSR: (kPa) during eg. Nonlinear shear mass factor
MSF: Cyclic Stress Ratio
Ko: Effective overburden stress factor
csr*:  Magnitude Scaling Factor
CSR fully adjusted
i1 Cyclic Resistance Ratio (CRR) numeric
results ::
F.S.
No Depth Fines u, 06"y Nspr(m) % (kPa) ©8v Cr Cs GCs Ce Nieo) A(Ni)eo Nigors CRR7s
(kPa) (kPa)
1 165 0.00 0.00 33.00 33.00 27 1.53 0.80 1.00 1.00 0.82 27 0.00 27  4.000 2.00
2 315 0.00 932 63.00 53.68 31 1.27 0.85 1.00 1.00 0.82 28 0.00 28 0.384 2.00

Project file: G:\Jobs\51\511185\Docs\Geo\GEO Stage 2\Borehole Testing\BH 01-08_Borehole SPT Assessment_02.clq
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3 465 0.00 24.03 93.00 68.97 35 1.15 0.95 1.00 1.00
4 6.25 0.00 39.73 125.00 85.27 12 1.10 0.95
7.75 0.00 54.45 155.00 100.55 27 1.00 0.95

6 9.25 1.50 69.16 183.50 11434 13 0.94 1.00

7 10.75 0.00 83.88 213.50 129.62 33 0.90 1.00

Abbreviations

Depth:  Depth from free surface where SPT was performed (m)
Weight:  Soil unit weight from previous test point to current (kN/m3)
Uo: Ov: Water pressure at test point (kPa)

o' Total overburden pressure at test point (kPa)

Nepr: Effective overburden pressure based on in situ GWT (kPa)
Cu: Number of blows count in the field (blows/30 cm)

Ce: Overburden pressure factor

Energy ratio factor

0.82
1.00
1.00

1.00
1.00

31
1.00
1.00

1.00
1.00

Cs:

Cr:

Cs:
N1(60):
AN1(60),cs
N1(60),cs:
CRR7:s:
F.S.:

0.00 31 0.555 2.00

0.82 10 0.00 10 0.118 0.79
082 21 0.00 21 0.219 1.70
0.82 10 0.00 10 0.118 0.77
082 24 0.00 24 4.000 2.00

Borehole diameter factor

Rod length factor

Sampling method factor

Number of blows corrected for 60% energy
Fines correction

Number of blows corrected for 60% energy and
fines

Cyclic Resistance Ratio for Mw 7.50

Factor of safety against liquefaction

CLig v.2.3.1.15 - CPT Liquefaction Assessment Software - Report created on: 17/10/2023, 10:24:41 am
SPT BASED LIQUEFACTION ANALYSIS REPORT
Project title : Liquefaction Assessment - 511185 Location : 518 Rangiora Woodend Road & 4 Golf Links Road Borehole

Name : BHO6_ULS
:: Input parameters and analysis properties ::

G.W.T. (in-situ):

Analysis method: Idriss & Boulanger 2014 2.20
Fines correction method: Idriss & Boulanger 2014 G.W.T. (earthq.): 1.70
Sampling method: Standard Sample Earthquake magnitude Mw: 7.50
Borehole diameter: 65 mm to 11 5mm Peak ground acceleration: 0.35
Rod length: 1.50 SPT results rounding mode: Nearest

Hammer energy ratio: 0.82

EQ site conditions:  Same as initial

Project file: G:\Jobs\51\511185\Docs\Geo\GEO Stage 2\Borehole Testing\BH 01-08_Borehole SPT Assessment_02.clq



This software is licensed to: Eliot Sinclair & Partners Ltd

:: Cyclic Stress Ratio fully adjusted (CSR*) numeric results ::

No Depth Weight Uo Ov Ext. Load o'y rd CSR Ko MSFmax  MSF
(m) (kN/m3) (kPa) (kPa) (kPa) (kPa)
N SPT plot CSR vs CRR plot
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CLig v.2.3.1.15 - CPT Liquefaction Assessment Software - Report created on: 17/10/2023, 10:30:09 am
CPT name: BHO6_ULS
CSR*
1 1.65 20.00 0.00 33.00 0.00 33.00 0.99 0.226 1.10 1.82 1.00 2.000
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2 3.15 20.00 14.22 63.00 0.00 48.78 0.98 0.288 1.10 1.88 1.00 0.262
3 4.65 20.00 28.94  93.00 0.00 64.06 0.96 0.319 1.10 2.06 1.00 0.291
4 6.25 20.00 44.64  125.00 0.00 80.36 0.95 0.335 1.02 1.19 1.00 0.328
5 7.75 20.00 59.35 155.00 0.00 95.65 0.93 0.342 1.01 1.53 1.00 0.339
6 9.25 19.00 74.07  183.50 0.00 109.43 0.91 0.346 0.99 1.19 1.00 0.348
7 10.75 20.00 88.78  213.50 0.00 124.72 0.89 0.345 0.97 1.67 1.00 2.000
Abbreviations
Depth: Depth from free surface where SPT was performed (m) during
Uo: €q.
ov: Water pressure at test point (kPa) during eq.
o' Total overburden pressure at test point (kPa) during eq.
Fat Effective overburden pressure based on GWT during earthquake
CSR: (kPa) during eg. Nonlinear shear mass factor
MSE: Cyclic Stress Ratio
Ko Effective overburden stress factor
csR*:  Magnitude Scaling Factor
CSR fully adjusted
:: Cyclic Resistance Ratio (CRR) numeric
results ::
F.S.
No Depth Fines u, 0y 6"y Nser (m) % (kPa) Cn Ck GC GCs Ce Nieo) A(Ni)so Nio)es CRRzs
(kPa) (kPa)
1 165 0.00 0.00 33.00 33.00 27 1.53 0.80 1.00 1.00 0.82 27 0.00 27 4.000 2.00
2 315 0.00 932 63.00 53.68 31 1.27 0.85 1.00 1.00 0.82 28 0.00 28 0.384 1.46
3 465 0.00 24.03 93.00 68.97 35 1.15 0.95 1.00 1.00 0.82 31 0.00 31 0.555 1.91
4 6.25 0.00 39.73 125.00 85.27 12 1.10 095 1.00 1.00 0.82 10 0.00 10 0.118 0.36
7.75 0.00 5445 155.00 100.55 27 1.00 095 1.00 1.00 0.82 21 0.00 21 0.219 0.64
6 9.25 150 69.16 183.50 11434 13 094 1.00 1.00 1.00 0.82 10 0.00 10 0.118 0.34
7 10.75 0.00 83.88 213,50 129.62 33 090 1.00 1.00 1.00 0.82 24 0.00 24 4.000 2.00
Abbreviations
Depth:  Depth from free surface where SPT was performed (m) Cs: Borehole diameter factor
Weight:  Soil unit weight from previous test point to current (kN/m3) Cr: Rod length factor
uo: ov:  Water pressure at test point (kPa) Cs: Sampling method factor
o' Total overburden pressure at test point (kPa) N1coy: Number of blows corrected for 60% energy
Nepr: Effective overburden pressure based on in situ GWT (kPa) AN Fines correction
C: Number of blows count in the field (blows/30 cm) 160 Number of blows corrected for 60% energy and
Ce: Overburden pressure factor NiGoes:  fineg
’ Energy ratio factor ERSR” Cyclic Resistance Ratio for My 7.50

Factor of safety against liquefaction

CLig v.2.3.1.15 - CPT Liquefaction Assessment Software - Report created on: 17/10/2023, 10:30:09 am
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SPT BASED LIQUEFACTION ANALYSIS REPORT

Project title : Liquefaction Assessment - 511185 Location : 518 Rangiora Woodend Road & 4 Golf Links Road Borehole

Name : BHO7_SLS1

:: Input parameters and analysis properties ::

G.W.T. (in-situ):

G.W.T. (earthq.):

Analysis method: Idriss & Boulanger 2014 3.50 EQ site conditions:  Same as initial

Fines correction method: Idriss & Boulanger 2014 3.00
Sampling method: Standard Sample Earthquake magnitude Mw: 7.50
Peak ground acceleration:

Borehole diameter: 65 mm to 11 5mm 0.13
Rod length: 1.50 SPT results rounding mode: Nearest
Hammer energy ratio: 0.82
N SPT plot CSR vs CRR plot
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CRR 7.50 clean sand curve

0.60

Liquefaction

0.504

0.404

Fully Adjusted Cyclic Stress Ratio, CSR*
o
W
o
L

No Liquefaction

0.00
0 5 10 15 20 25 30 35 40 45 50
Corrected Blow Count N1(60),cs
CLig v.2.3.1.15 - CPT Liquefaction Assessment Software - Report created on: 17/10/2023, 10:32:03 am
CPT name: BHO7_SLS1
CSR”
1 1.65 20.00 0.00 33.00 0.00 33.00 0.99 0.084 1.10 2.20 1.00 2.000
2 3.15 20.00 1.47 63.00 0.00 61.53 0.98 0.085 1.05 1.26 1.00 0.081
3 4.65 20.00 16.19  93.00 0.00 76.81 0.96 0.099 1.03 1.38 1.00 0.096
4 6.25 20.00 31.88 125.00 0.00 93.12 0.95 0.107 1.01 1.17 1.00 0.107
5 7.75 19.00 46.60  153.50 0.00 106.90 0.93 0.112 0.99 1.19 1.00 0.113
6 9.25 20.00 61.31 183.50 0.00 122.19 0.91 0.115 0.97 1.53 1.00 0.118
7 10.75 20.00 76.03  213.50 0.00 137.47 0.89 0.116 0.95 1.77 1.00 2.000
Abbreviations
Depth: Depth from free surface where SPT was performed (m) during
Uo: €q.
o Water pressure at test point (kPa) during eq.
o Total overburden pressure at test point (kPa) during eq.
Fat Effective overburden pressure based on GWT during earthquake
CSR: (kPa) during eg. Nonlinear shear mass factor
MSF: Cyclic Stress Ratio
Ko: Effective overburden stress factor
csr*:  Magnitude Scaling Factor

CSR fully adjusted

Project file: G:\Jobs\51\511185\Docs\Geo\GEO Stage 2\Borehole Testing\BH 01-08_Borehole SPT Assessment_02.clq
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:: Cyclic Stress Ratio fully adjusted (CSR*) numeric results ::

No Depth Weight Uo Ov Ext. Load o'y
(m) (kN/m3) (kPa) (kPa) (kPa) (kPa)

:: Cyclic Resistance Ratio (CRR) numeric
results ::

No Depth Fines u, ov 6'v Nspr (M) % (kPa) G G G G
(kPa) (kPa)

Fd CSR Ko MSFmax MSF

F.S.

Ce Nieo) A(Ni)eo Nio)s CRR7s

1 165 240 0.00 33.00 33.00 45 1.39 0.80 1.00 1.00 0.82 42

2 3.15 0.00 0.00 63.00 63.00 15 1.27 0.85 1.00 1.00 0.82 13

4.65 0.00 11.28 93.00 81.72 19 1.11 0.95 1.00 1.00 0.82 17

4 6.25 0.00 2698 125.00 98.02 12 1.02 0.95
7.75 27.60 41.69 153.50 11181 7 095 0.95

6 9.25 0.00 56.41 18350 127.09 28 0.91 1.00

7 10.75 0.00 71.12 213.50 142.38 37 0.88 1.00

Abbreviations

Depth:  Depth from free surface where SPT was performed (m)
Weight:  Soil unit weight from previous test point to current (kN/m3)
uo: ov:  Water pressure at test point (kPa)

o' Total overburden pressure at test point (kPa)

Nepr: Effective overburden pressure based on in situ GWT (kPa)
Ca: Number of blows count in the field (blows/30 cm)

Ce: Overburden pressure factor

Energy ratio factor

1.00 1.00
1.00 1.00

1.00 1.00

1.00 1.00
Ce:
Cr:

Cs:
N1(60):

AN1(60),cs

N1(60),cs:
CRR7:s:

F.S.:

0.00 42 4.000 2.00
0.00 13 0.140 1.74

0.00 17 0.174 1.82

0.82 9 0.00 9 0.111 1.04
0.82 5 5.25 10 0.118 1.04
0.82 21 0.00 21 0.219 1.85
0.82 26 0.00 26 4.000 2.00

Borehole diameter factor

Rod length factor

Sampling method factor

Number of blows corrected for 60% energy
Fines correction

Number of blows corrected for 60% energy and
fines

Cyclic Resistance Ratio for My 7.50

Factor of safety against liquefaction

CLig v.2.3.1.15 - CPT Liquefaction Assessment Software - Report created on: 17/10/2023, 10:32:03 am
SPT BASED LIQUEFACTION ANALYSIS REPORT
Project title : Liquefaction Assessment - 511185 Location : 518 Rangiora Woodend Road & 4 Golf Links Road Borehole

Name : BHO7_SLS2
:: Input parameters and analysis properties ::

Analysis method: Idriss & Boulanger 2014 G.W.T. (in-situ): 3.50
Fines correction method: Idriss & Boulanger 2014 G.W.T. (earthq.): 3.00
Sampling method: Standard Sample Earthquake magnitude Mw: 6.00
Borehole diameter: 65 mm to 11 5mm Peak ground acceleration: 0.19
Rod length: 1.50 SPT results rounding mode: Nearest
Hammer energy ratio: 0.82

EQ site conditions:  Same as initial

Project file: G:\Jobs\51\511185\Docs\Geo\GEO Stage 2\Borehole Testing\BH 01-08_Borehole SPT Assessment_02.clq
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CLig v.2.3.1.15 - CPT Liquefaction Assessment + Software - Report created on: 17/10/2023, 10:33:28 am
CPT name: BH07_SLS2 L
. * ) ’
CSR* *
1 ' 1 ' 1 ' 1 ' 1 1 ' 1 ' 1 ' 1 ' 1 ' 1
1 1.65 20.00 0.00 33.00 0.00 33.00 0.98 0.121 1.10 2.20 1.48 2.000

Project file: G:\Jobs\51\511185\Docs\Geo\GEO Stage 2\Borehole Testing\BH 01-08_Borehole SPT Assessment_02.clq
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:: Cyclic Stress Ratio fully adjusted (CSR*) numeric results ::

No Depth Weight Uo Ov Ext. Load o'y

6

7

(m) (kN/m3) (kPa) (kPa) (kPa) (kPa)
3.15 20.00 1.47 63.00 0.00 61.53
4.65 20.00 16.19  93.00 0.00 76.81
6.25 20.00 31.88 125.00 0.00 93.12
7.75 19.00 46.60 153.50 0.00 106.90
9.25 20.00 61.31 183.50 0.00 122.19

10.75 20.00 76.03  213.50 0.00 137.47

Abbreviations

Depth:

Uo:
Ov:
1

Ov:
Fd:

CSR:

MSF
Ko:

CSR™:

Depth from free surface where SPT was performed (m) during
eq.

Water pressure at test point (kPa) during eq.

Total overburden pressure at test point (kPa) during eq.
Effective overburden pressure based on GWT during earthquake
(kPa) during eg. Nonlinear shear mass factor

Cyclic Stress Ratio

Effective overburden stress factor

Magnitude Scaling Factor

CSR fully adjusted

:: Cyclic Resistance Ratio (CRR) numeric
results ::

No Depth Fines uo 0, 0'v Nser (m) % (kPa) Cv Ck  Cs  GCs

6
7

(kPa) (kPa)

Fd

0.96
0.93
0.89
0.85
0.82

0.78

Ce

1.65 240 0.00 33.00 33.00 45 1.39 0.80 1.00 1.00 0.82

3.15 0.00 0.00 63.00 63.00 15 1.27 0.85 1.00 1.00 0.82

4.65 0.00 11.28 93.00 81.72 19 1.11 0.95 1.00 1.00 0.82

6.25 0.00 2698 125.00 98.02 12 1.02 0.95
7.75 7.60 41.69 153.50 11181 7 0.94 0.95

9.25 0.00 56.41 18350 127.09 28 091 1.00

10.75 0.00 71.12 213.50 142.38 37 0.88 1.00

Abbreviations

Depth:
Weight:
Uo: Ov:

Ov.
Nspr:
Cw:
Ce:

Depth from free surface where SPT was performed (m)
Soil unit weight from previous test point to current (kN/m3)
Water pressure at test point (kPa)

Total overburden pressure at test point (kPa)

Effective overburden pressure based on in situ GWT (kPa)
Number of blows count in the field (blows/30 cm)
Overburden pressure factor

Energy ratio factor

1.00
1.00

1.00
1.00

CSR

0.121
0.138
0.148
0.152
0.152

0.150

Ko MSFmax  MSF

1.05 1.26 1.48 0.099
1.03 1.38 1.48 0.109
1.01 1.17 1.48 0.133
1.00 1.12 1.48 0.142
0.97 1.53 1.48 0.118

0.95 1.77 1.48 2.000

F.S.

Ni@o) A(Ni)eo Ni(eo)es CRRz7s

42 0.00 42 4.000 2.00

13 0.00 13 0.140 1.41

17 0.00 17 0.174 1.60

1.00 0
1.00 0

1.00 0.
1.00 0.

Cs:

Cr:

Cs!
N1(60):
AN1(60),cs
N1(60),cs:
CRR7:s:
F.S.:

.82 9 0.00 9 0.111 0.84
.82 5 0.26 5 0.086 0.61
82 21 0.00 21 0.219 1.86
82 26 0.00 26 4.000 2.00

Borehole diameter factor

Rod length factor

Sampling method factor

Number of blows corrected for 60% energy
Fines correction

Number of blows corrected for 60% energy and
fines

Cyclic Resistance Ratio for My 7.50

Factor of safety against liquefaction

CLiq v.2.3.1.15 - CPT Liquefaction Assessment Software - Report created on: 17/10/2023, 10:33:28 am

Project file: G:\Jobs\51\511185\Docs\Geo\GEO Stage 2\Borehole Testing\BH 01-08_Borehole SPT Assessment_02.clq
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SPT BASED LIQUEFACTION ANALYSIS REPORT

Project title : Liquefaction Assessment - 511185 Location : 518 Rangiora Woodend Road & 4 Golf Links Road Borehole

Name : BHO7_ULS

:: Input parameters and analysis properties ::

G.W.T. (in-situ):

G.W.T. (earthq.):

Analysis method: Idriss & Boulanger 2014 3.50 EQ site conditions:  Same as initial

Fines correction method: Idriss & Boulanger 2014 3.00
Sampling method: Standard Sample Earthquake magnitude Mw: 7.50
Peak ground acceleration:

Borehole diameter: 65 mm to 11 5mm 0.35
Rod length: 1.50 SPT results rounding mode: Nearest
Hammer energy ratio: 0.82
N SPT plot CSR vs CRR plot
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:: Cyclic Stress Ratio fully adjusted (CSR*) numeric results ::

No Depth Weight Uo Ov Ext. Load o'y rd CSR Ko MSFmax  MSF
(m) (kN/m3) (kPa) (kPa) (kPa) (kPa)
CRR 7.50 clean sand curve
0.60
Liquefaction
o
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Corrected Blow Count N1(60),cs
CLig v.2.3.1.15 - CPT Liquefaction Assessment Software - Report created on: 17/10/2023, 10:34:24 am
CPT name: BHO7_ULS
CSR*
1 1.65 20.00 0.00 33.00 0.00 33.00 0.99 0.226 1.10 2.20 1.00 2.000
2 3.15 20.00 1.47 63.00 0.00 61.53 0.98 0.228 1.05 1.26 1.00 0.217
3 4.65 20.00 16.19  93.00 0.00 76.81 0.96 0.266 1.03 1.38 1.00 0.257
4 6.25 20.00 31.88 125.00 0.00 93.12 0.95 0.289 1.01 1.17 1.00 0.287
5 7.75 19.00 46.60  153.50 0.00 106.90 0.93 0.303 0.99 1.19 1.00 0.304
6 9.25 20.00 61.31 183.50 0.00 122.19 0.91 0.310 0.97 1.53 1.00 0.318
7 10.75 20.00 76.03  213.50 0.00 137.47 0.89 0.313 0.95 1.77 1.00 2.000
Abbreviations
Depth: Depth from free surface where SPT was performed (m) during
Uo: €q.
o Water pressure at test point (kPa) during eq.
o Total overburden pressure at test point (kPa) during eq.
ra: Effective overburden pressure based on GWT during earthquake
CSR: (kPa) during eg. Nonlinear shear mass factor
MSF: Cyclic Stress Ratio
Ko: Effective overburden stress factor
csr*:  Magnitude Scaling Factor
CSR fully adjusted
i1 Cyclic Resistance Ratio (CRR) numeric
results ::
F.S.
No Depth Fines u, 0, 6"y Nser(m) % (kPa) 8 Crk Cs Cs Ce Nieo) A(Ni)eo Nigores CRR7s

1

2

(kPa) (kPa)

1.65

3.15

240 0.00 33.00 33.00 45 1.39 0.80 1.00 1.00 0.82

0.00 0.00 63.00 63.00

15 1.27 0.85 1.00 1.00 0.82

42

13

0.00 42

0.00 13

Project file: G:\Jobs\51\511185\Docs\Geo\GEO Stage 2\Borehole Testing\BH 01-08_Borehole SPT Assessment_02.clq
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3 465 0.00 11.28 93.00 81.72 19 1.11 0.95 1.00 1.00 0.82 17 0.00 17 0.174 0.68
4 6.25 0.00 2698 125.00 98.02 12 1.02 0.95 1.00 1.00 0.82 9 0.00 9 0.111 0.39
7.75 27.60 41.69 15350 111.81 7 095 0.95 1.00 1.00 0.82 5 5.25 10 0.118 0.39
6 9.25 0.00 56.41 183.50 127.09 28 0.91 1.00 1.00 1.00 0.82 21 0.00 21 0.219 0.69
7 10.75 0.00 71.12 213.50 142.38 37 0.88 1.00 1.00 1.00 0.82 26 0.00 26 4.000 2.00
Abbreviations
Depth:  Depth from free surface where SPT was performed (m) Ca: Borehole diameter factor
Weight:  Soil unit weight from previous test point to current (kN/m3) Cr: Rod length factor
Uo: Ov: Water pressure at test point (kPa) Cs: Sampling method factor
o' Total overburden pressure at test point (kPa) N1coy: Number of blows corrected for 60% energy
Nepr: Effective overburden pressure based on in situ GWT (kPa) AN Fines correction
Co Number of blows count in the field (blows/30 cm) 160 Number of blows corrected for 60% energy and
Ce: Overburden pressure factor Nioes:  fineg
' Energy ratio factor ERSR” Cyclic Resistance Ratio for Mw 7.50

Factor of safety against liquefaction

CLig v.2.3.1.15 - CPT Liquefaction Assessment Software - Report created on: 17/10/2023, 10:34:24 am
SPT BASED LIQUEFACTION ANALYSIS REPORT
Project title : Liquefaction Assessment - 511185 Location : 518 Rangiora Woodend Road & 4 Golf Links Road Borehole
Name : BHO8_SLS1
:: Input parameters and analysis properties ::
G.W.T. (in-situ):
G.W.T. (earthq.):

Analysis method: Idriss & Boulanger 2014 2.40 EQ site conditions: ~ Same as initial

Fines correction method: Idriss & Boulanger 2014 1.90
Sampling method: Standard Sample Earthquake magnitude Mw: 7.50
Peak ground acceleration:

Borehole diameter: 65 mm to 11 5mm 0.13
Rod length: 1.50 SPT results rounding mode: Nearest
Hammer energy ratio: 0.82

Project file: G:\Jobs\51\511185\Docs\Geo\GEO Stage 2\Borehole Testing\BH 01-08_Borehole SPT Assessment_02.clq
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:: Cyclic Stress Ratio fully adjusted (CSR*) numeric results ::

No Depth Weight Uo Ov Ext. Load o'y rd CSR Ko MSFmax  MSF
(m) (kN/m3) (kPa) (kPa) (kPa) (kPa)
N SPT plot CSR vs CRR plot
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CLiq v.2.3.1.15 - CPT Liquefaction Assessment Software - Report created on: 17/10/2023, 10:36:04 am

1 1.65 19.00 0.00 31.35 0.00 31.35

0.99

0.084

1.10 1.15

Project file: G:\Jobs\51\511185\Docs\Geo\GEO Stage 2\Borehole Testing\BH 01-08_Borehole SPT Assessment_02.clq
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2 3.15 20.00 12.26 61.35 0.00 49.09 0.98 0.104 1.09 1.38 1.00 0.095
3 4.65 20.00 26.98 91.35 0.00 64.37 0.96 0.116 1.04 1.24 1.00 0.111
4 6.25 20.00 42.67 123.35 0.00 80.68 0.95 0.122 1.04 1.77 1.00 0.118
5 7.75 19.00 57.39 151.85 0.00 94.46 0.93 0.126 1.01 1.17 1.00 0.125
6 9.25 20.00 72.10 181.85 0.00 109.75 0.91 0.127 0.98 2.20 1.00 0.130
7 10.75 20.00 86.82 211.85 0.00 125.03 0.89 0.127 0.95 2.06 1.00 2.000
Abbreviations
Depth: Depth from free surface where SPT was performed (m) during eq.
Uo: Water pressure at test point (kPa) during eq.
ov: Total overburden pressure at test point (kPa) during eq.
o' Effective overburden pressure based on GWT during earthquake
Fat (kPa) during eg. Nonlinear shear mass factor
CSR: Cyclic Stress Ratio
MSE: Effective overburden stress factor
Ko Magnitude Scaling Factor
cSR*:  CSR fully adjusted
:: Cyclic Resistance Ratio (CRR) numeric
results ::
F.S.
No Depth Fines u, 0y 6'v Nspr (m) % (kPa) Cn Ck Cs GCs Ce Nieo) A(Ni)so Nio)cs CRR7s
(kPa) (kPa)
1 1.65 2266 0.00 3135 3135 3 1.70 0.80 1.00 1.00 0.82 3 4.85 8 4.000 2.00
2 315 249 736 61.35 5399 19 1.34 0.85 1.00 1.00 0.82 17 0.00 17 0.174 1.82
3 465 0.00 2207 91.35 69.28 13 1.22 0.95 1.00 1.00 0.82 12 0.00 12 0.132 1.20
4 6.25 0.00 37.77 12335 8558 31 1.07 095 1.00 1.00 0.82 26 0.00 26 0.316 2.00
7.75 27.60 52.48 151.85 99.37 5 101 095 1.00 1.00 0.82 4 5.25 9 0.111 0.89
6 9.25 0.00 67.20 181.85 11465 47 0.96 1.00 1.00 1.00 0.82 38 0.00 38 2.273 2.00
7 10.75 0.00 8191 211.85 12994 41 0.92 1.00 1.00 1.00 0.82 31 0.00 31 4.000 2.00
Abbreviations
Depth:  Depth from free surface where SPT was performed (m) Ce: Borehole diameter factor
Weight:  Soil unit weight from previous test point to current (kN/m3) Cr: Rod length factor
uo: ov:  Water pressure at test point (kPa) Cs: Sampling method factor
o' Total overburden pressure at test point (kPa) N1coy: Number of blows corrected for 60% energy
Nepr: Effective overburden pressure based on in situ GWT (kPa) AN Fines correction
Ca: Number of blows count in the field (blows/30 cm) 1(60)'f5 Number of blows corrected for 60% energy and
Ce: Overburden pressure factor NiGoes:  fineg
' Energy ratio factor (F:';R” Cyclic Resistance Ratio for My 7.50

Factor of safety against liquefaction

CLiqg v.2.3.1.15 - CPT Liquefaction Assessment Software - Report created on: 17/10/2023, 10:36:04 am
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SPT BASED LIQUEFACTION ANALYSIS REPORT

Project title : Liquefaction Assessment - 511185 Location : 518 Rangiora Woodend Road & 4 Golf Links Road Borehole

Name : BHO8_SLS2

:: Input parameters and analysis properties ::

G.W.T. (in-situ):

G.W.T. (earthq.):

Analysis method: Idriss & Boulanger 2014 2.40 EQ site conditions:  Same as initial

Fines correction method: Idriss & Boulanger 2014 1.90
Sampling method: Standard Sample Earthquake magnitude Mw: 6.00
Peak ground acceleration:

Borehole diameter: 65 mm to 11 5mm 0.19
Rod length: 1.50 SPT results rounding mode: Nearest
Hammer energy ratio: 0.82
N SPT plot CSR vs CRR plot
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CRR 7.50 clean sand curve

0.504

0.404

Fully Adjusted Cyclic Stress Ratio, CSR*
o
W
o
L

Liquefaction

No Liquefaction

0.00
0 5 10 15 20 25 30 35 40 45 50
Corrected Blow Count N1(60),cs
CLig v.2.3.1.15 - CPT Liquefaction Assessment Software - Report created on: 17/10/2023, 10:37:22 am
CPT name: BH08_SLS2
CSR”
1 1.65 19.00 0.00 31.35 0.00 31.35 0.98 0.121 1.10 1.15 1.48 2.000
2 3.15 20.00 12.26  61.35 0.00 49.09 0.96 0.148 1.09 1.38 1.48 0.111
3 4.65 20.00 26.98 91.35 0.00 64.37 0.93 0.162 1.04 1.24 1.48 0.136
4 6.25 20.00 42.67 123.35 0.00 80.68 0.89 0.168 1.04 1.77 1.48 0.111
5 7.75 19.00 57.39 151.85 0.00 94.46 0.85 0.170 1.01 1.17 1.48 0.153
6 9.25 20.00 72.10 181.85 0.00 109.75 0.82 0.167 0.98 2.20 1.48 0.100
7 10.75 20.00 86.82 211.85 0.00 125.03 0.78 0.163 0.95 2.06 1.48 2.000
Abbreviations
Depth: Depth from free surface where SPT was performed (m) during eq.
Uo: Water pressure at test point (kPa) during eq.
o Total overburden pressure at test point (kPa) during eq.
o Effective overburden pressure based on GWT during earthquake
Fat (kPa) during eg. Nonlinear shear mass factor
CSR: Cyclic Stress Ratio
MSF: Effective overburden stress factor
Ko: Magnitude Scaling Factor
csr*:  CSR fully adjusted

Project file: G:\Jobs\51\511185\Docs\Geo\GEO Stage 2\Borehole Testing\BH 01-08_Borehole SPT Assessment_02.clq
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:: Cyclic Stress Ratio fully adjusted (CSR*) numeric results ::

No Depth Weight Uo Ov Ext. Load o'y

(m) (kN/m3) (kPa) (kPa)

:: Cyclic Resistance Ratio (CRR) numeric
results ::

No Depth Fines uo, 6v 6'v Nspr (m) % (kPa)
(kPa) (kPa)

(kPa) (kPa)

Cn Ck GC Gs

Fd

CSR

Ko MSFmax  MSF

F.S.

Ce Nieo) A(Ni)so Nio)s CRR7s

1 165 2266 0.00 3135 3135 3 1.70 0.80 1.00 1.00 0.82 3

2 315 249 736 6135 53.99 19 1.34 0.85 1.00 1.00 0.82 17

4.65 0.00 22.07 9135 69.28 13 1.22 0.95 1.00 1.00 0.82 12
31 1.07 0.95 1.00 1.00
5 1.01 095 1.00 1.00

4 6.25 0.00 3777 123.35 85.58
7.75 27.60 52.48 151.85 99.37

6 9.25 0.00 67.20 181.85 114.65

7 10.75 0.00 8191 211.85 129.94

Abbreviations

47 096 1.00 1.

41 0.92 1.00 1.

Depth:  Depth from free surface where SPT was performed (m)
Weight:  Soil unit weight from previous test point to current (kN/m3)

uo: ov:  Water pressure at test point (kPa)

o' Total overburden pressure at test point (kPa)

Nepr: Effective overburden pressure based on in situ GWT (kPa)
Ca: Number of blows count in the field (blows/30 cm)

Ce: Overburden pressure factor

Energy ratio factor

00 1.00

00 1.00

Cs:

Cr:

Cs:
N1(60):
AN1(60),cs

N1(60),cs:
CRR7:s:
F.S.:

4.85
0.00

0.00
0.82
0.82

0.82

0.82

8 4.000 2.00
17 0.174 1.57

12 0.132 0.97

26 0.00 26
4 5.25 9
38 0.00 38
31 0.00 31

Borehole diameter factor
Rod length factor
Sampling method factor

Number of blows corrected for 60% energy

Fines correction
Number of blows corrected for 60% energy and

fines
Cyclic Resistance Ratio for My 7.50

0.316
0.111

2.273

4.000

Factor of safety against liquefaction

2.00
0.73

2.00

2.00

CLig v.2.3.1.15 - CPT Liquefaction Assessment Software - Report created on: 17/10/2023, 10:37:22 am
SPT BASED LIQUEFACTION ANALYSIS REPORT

Project title : Liquefaction Assessment - 511185

Name : BHO8_ULS
:: Input parameters and analysis properties ::

Analysis method: Idriss & Boulanger 2014
Fines correction method: Idriss & Boulanger 2014
Sampling method: Standard Sample
Borehole diameter: 65 mm to 11 5mm

Rod length: 1.50

Hammer energy ratio: 0.82

G.W.T. (in-situ):
G.W.T. (earthq.):

Earthquake magnitude Mw:
Peak ground acceleration:

2.40

1.90
7.50

0.35

SPT results rounding mode: Nearest

EQ site conditions:  Same as initial

Project file: G:\Jobs\51\511185\Docs\Geo\GEO Stage 2\Borehole Testing\BH 01-08_Borehole SPT Assessment_02.clq

Location : 518 Rangiora Woodend Road & 4 Golf Links Road Borehole
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CLiqg v.2.3.1.15 - CPT Liquefaction Assessment Software - Report + created on: 17/10/2023, 10:38:18 am
CPT name: BHO8_ULS
CSR*
1 ' 1 ' 1 ' 1 ' 1 ' 1 ' 1 ' 1 ' 1 ' 1 ' 1
1 1.65 19.00 0.00 31.35 0.00 31.35 0.99 0.226 1.10 1.15 1.00 2.000
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:: Cyclic Stress Ratio fully adjusted (CSR*) numeric results ::

No

6

7

Depth  Weight Uo Ov Ext. Load o'y
(m) (kN/m3) (kPa) (kPa) (kPa) (kPa)

3.15 20.00 1226 61.35 0.00 49.09
4.65 20.00 2698  91.35 0.00 64.37
6.25 20.00 42.67 123.35 0.00 80.68
7.75 19.00 57.39 151.85 0.00 94.46
9.25 20.00 72,10 181.85 0.00 109.75

10.75 20.00 86.82  211.85 0.00 125.03

Abbreviations

Depth:
Uo:

ov:

o'

Fd:
CSR:
MSF:
Ko:
CSR™:

Depth from free surface where SPT was performed (m) during eq.

Water pressure at test point (kPa) during eq.

Total overburden pressure at test point (kPa) during eq.
Effective overburden pressure based on GWT during earthquake
(kPa) during eg. Nonlinear shear mass factor

Cyclic Stress Ratio

Effective overburden stress factor

Magnitude Scaling Factor

CSR fully adjusted

:: Cyclic Resistance Ratio (CRR) numeric
results ::

No Depth Fines uo 0, 0"y Nspr(m) % (kPa) Cv Cr Cs  GCs

6
7

(kPa) (kPa)

1.65 2266 0.00 3135 3135 3 1.70 0.80 1.00 1.00 0.82
315 249 736 61.35 53.99 19 1.34 0.85 1.00 1.00 0.82

4.65 0.00 22.07 9135 69.28 13 1.22 0.95 1.00 1.00 0.82

6.25 0.00 3777 12335 8558 31 1.07 0.95
7.75 27.60 52.48 151.85 99.37 5 1.01 0.95

9.25 0.00 67.20 181.85 114.65 47 0.96 1.00

10.75 0.00 8191 211.85 12994 41 0.92 1.00

Abbreviations

Depth:
Weight:
Uo: Ov:
ov':
Nspr:
Cn:
Ce:

Depth from free surface where SPT was performed (m)
Soil unit weight from previous test point to current (kN/m3)
Water pressure at test point (kPa)

Total overburden pressure at test point (kPa)

Effective overburden pressure based on in situ GWT (kPa)
Number of blows count in the field (blows/30 cm)
Overburden pressure factor

Energy ratio factor

Fd

0.98
0.96
0.95
0.93
0.91
0.89

Ce

1.00
1.00

1.00
1.00

CSR

0.279
0.311
0.329
0.339
0.342

0.341

Ko MSFmax  MSF

1.09 1.38 1.00 0.257
1.04 1.24 1.00 0.298
1.04 1.77 1.00 0.317
1.01 1.17 1.00 0.337
0.98 2.20 1.00 0.351

0.95 2.06 1.00 2.000

1.00
0.33

2.00

2.00

F.S.
Ni@o) A(Ni)eo Nio)ess CRRzs
3 4.85 8 4.000 2.00
17 0.00 17 0.174 0.68
12 0.00 12 0.132 0.44
1.00 0.82 26 0.00 26 0.316
1.00 0.82 4 5.25 9 0.111
1.00 0.82 38 0.00 38 2.273
1.00 0.82 31 0.00 31 4.000
Cs: Borehole diameter factor
Cr: Rod length factor
Cs: Sampling method factor
N1coy: Number of blows corrected for 60% energy
AN Fines correction
1S Number of blows corrected for 60% energy and
N1(60),cs: fines
(F:%Rf's: Cyclic Resistance Ratio for Mw 7.50

Factor of safety against liquefaction
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