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14 March 2017 Our Ref:  47003 - Rev 1 

Julius Long 
Structex Harvard Ltd 
248 Montreal Street, 
Christchurch, NZ 
Email: JLong@structex.co.nz   
 
RE:  80 BYRON STREET, SYDENHAM 
GEOTECHNICAL LETTER FOR PROPOSED EXTENSION 

Dear Mr Julius Long  

1.0 INTRODUCTION 

Engineering Design Consultants Ltd (EDC) has been engaged to provide a brief 
geotechnical investigation and soil bearing assessment for the proposed extension of the 
western warehouse building at 80 Byron Street in Sydenham, henceforth referred to as 
‘the  site’.  The new single storey extension will be used as offices. 

1.1 Site Identification  

The site’s   legal description is Lot 1 DP 449853. The property is rectangular, covers an 
area of 1280m² and is located on the south side of Byron Street in Sydenham, as shown 
below on Figure 1:  

 
Figure 1: Site Location 

Site Boundaries 

Proposed 
Extension Area 

83 Byron St 
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1.2 Proposed Extension 

The client has provided an extension drawing set, drafted by Architectural Design Group 
(ADG) Ltd (Ref: 5996; January 2017) for the proposed offices. 

These drawings indicate that the proposed extension is to be situated near the northwest 
corner of the existing west building, as shown on Figure 1 above. The drawings also 
indicate that the extension is approximately 13m long (north-south), 7.8m wide (east-
west) and one-storey. The foundation is proposed to be a concrete slab and is to be tied 
into the existing buildings concrete slab. 

A copy of the proposed extension drawings is attached in Appendix A.  
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2.0 NEARBY GEOTECHNICAL INVESTIGATION 

The site owner has supplied a geotechnical report completed for the property at 83 Byron 
Street (approx. 40m northeast of extension; see Figure 1) by Engco Consulting Engineers 
(Ref: 16363) in January 2017. The following is a summary of relevant information:  
� Engco undertook 2 No.   Cone   Penetration   Tests   (CPT’) and 2 No. Hand Augers 

(HA’s)  across   the  site.  The  HA’s   indicated   that   the  shallow  ground  profile  consists 
gravel fill to 0.3m below ground level (bgl), underlain by clayey silt to 2.0m bgl.  

� Groundwater was not encountered  during  the  HA’s. 

� Estimated  ‘Free-Field’  index (upper 10m) ground settlements, based on the on-site 
CPT’s, range between 60mm and 90mm under SLS 2 (0.19g 6.0Mw) earthquake 
conditions and 90mm to 115mm under ULS earthquake conditions. Very little 
settlement is anticipated in the upper 4.5m under SLS or ULS conditions.   

� The risk of lateral spreading as a result of liquefaction is considered low and the risk 
of lateral stretch is considered to within the MBIE minor to moderate category (less 
than 200mm). 

� Due to the liquefaction risk, conventional shallow foundations are not 
recommended. 

� A piled foundation is considered a viable solution for a single-storey warehouse 
building. It is anticipated that piles would need to be founded at 12.5m bgl. The 
CPT’s  indicated that the soil layer between 12m and 16m begl has sufficient bearing 
capacity (>15MPa) and thickness for deep piles. 

Based on the level of estimated settlement from the Engco on-site   CPT’s,   the   ground  
performance in a future earthquake event would be considered equivalent of CERA 
Technical Category 3 (TC3) if the site were residential. 

The Engco geotechnical report is available upon request.     
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3.0 DESK BASED INFORMATION 

3.1 Historical Imagery 

Historical aerial imagery indicates that the site was residential in 1941, with two 
dwellings located in the northern half of the property (not covering location of the current 
building). Between 1941 and 1994 the site was subject to several developments, none of 
which were in the area of the proposed extension. By 1994 the site appeared as it does 
currently (March 2017).  

3.2 Historical Land Use 

The Environment Canterbury (ECan) Listed Land Use Register (LLUR) holds all known 
information about Hazardous Activities or Industries (HAIL) that have historically (and/or 
currently) taken place on the site or within the vicinity of the site.  

The ECan LLUR indicates that a known HAIL activity has not occurred on the site, 
however there are two properties identified on the LLUR within 50m as follows:  

� 71 Byron Street, located approximately 45m northwest of the site. This portion of 
land  has  been  listed  for   ‘F4  – Motor  Vehicle  Workshops’. The impacts of this HAIL 
activity have not been investigated as the activity is on-going.  

� A small portion of land in the northeast corner of 83 Byron Street, located 
approximately 45m northeast of the site has  been  listed  for  ‘A17  – Storage tanks or 
drums   for   fuel,   chemicals   or   liquid   waste’.   This   HAIL   activity   was   investigated   in  
2011 during decommissioning and soil testing results indicated that hydrocarbons 
were present in the soil, though the level of contamination was below 
industrial/commercial guideline values. 

These nearby HAIL activities are considered unlikely to present a geotechnical constraint 
for the proposed extension.  

The ECan LLUR is attached in Appendix B. 

3.3 New Zealand Geotechnical Database 

3.3.1 CERA Technical Classification 

The site is located in an un-zoned CERA area as it is non-residential.  

3.3.2 Geology and Hydrology 

The GNS   Geological   QMap   shows   the   site   as   being   located   on   ‘Modern river 
floodplain/low-level degradation terrace. Un-weathered, variably sorted, 
gravel/sand/silt/clay’.   Nearby geological investigation data suggests that the ground 
profile in vicinity of site (~50m northwest) consists 0.8m of fill, underlain by silt with 
occasional sand to 4.5m bgl and fine to medium sand from 4.5m to at least 15.0m begl.  

The GNS  ‘Depths  to  Water  Table’ maps indicate that the mean depth of groundwater is 
generally 0.0m – 2.0m bgl in the area of the site. The   EQC   ‘Event   Specific   Depths   to  
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Water  Table’  maps  indicate  that  the  depth  to  groundwater  was  generally closer to 1.0m – 
2.0m bgl for each of the major 2010/2011 earthquakes.   

3.3.3 Seismic  

The   EQC   ‘Vertical   Ground   Movements’ map indicates that the area of the might have 
subsided between 100mm and 200mm following the 2010/2011 Canterbury Earthquake 
Sequence. 

The   EQC   ‘Horizontal   Ground   Movements’   map   indicates   that   the   area   of   the   site   may  
have experienced 170mm of lateral movement in a south-westerly direction. However 
this amount of movement is highly consistent for the surrounding area. 

EDC has reviewed post-earthquake aerial photos taken for the 2010/2011 Canterbury 
Earthquake sequence. No liquefaction ejecta was evident on-site or on surrounding areas 
following any of the major earthquakes during the 2010/2011 Canterbury Earthquake 
Sequence. Additionally, EQC did not observe any ground cracks on-site or within the 
surrounding area following the 2010/2011 earthquakes.  

Estimated  Peak  Ground  Accelerations  (PGA’s)  for  the  site,  based  on  a  model by Bradley 
et al, indicate that the site experienced a median PGA of 0.33g during the February 2011 
event  (greatest  shaking  at  the  site)  and  therefore,  the  site  can  be  considered  ‘sufficiently  
tested’   to   a   Serviceability   Limit   State   (SLS)   earthquake event, but not to an Ultimate 
Limit State (ULS) earthquake. It  is  noted  that  the  site  was  not  ‘sufficiently  tested’  during  
any of the other 2010/2011 earthquakes. 

Important Notice 
This section (Section 3.3) and information where NZGD has been referenced in this document was created from maps and/or 
data extracted from the Canterbury Geotechnical Database (https://canterburygeotechnicaldatabase.projectorbit.com), which 
were prepared and/or compiled for the Earthquake Commission (EQC) to assist in assessing insurance claims made under the 
Earthquake Commission Act 1993. The source maps and data were not intended for any other purpose. EQC and its engineers, 
Tonkin & Taylor, have no liability for any use of the maps and data or for the consequences of any person relying on them in 
any way. This "Important notice" must be reproduced wherever this information or any derivatives are reproduced. 

It is understood that damage to the existing building from the earthquakes was light and 
limited.  

3.4 Seismic Subsoil Classification 

Based   on   the   above,   a   seismic   subsoil   classification   ‘Class   D   –Deep   or   Soft   Soil’,   as  
defined in NZS 1170.5 is considered appropriate for the site. 

3.5 Flooding 

The Christchurch City Council (CCC) has indicated that the site is located within a District 
Plan Flood Management Area (FMA) and therefore a Finished Floor Level (FFL) of 14.39m 
RL is required for new building at the site. LiDAR information indicates that the average 
ground level at the site is 13.82m RL, approximately 0.6m below the required FFL.  
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4.0 INTRUSIVE WORKS 

4.1 Rational 

Due to the relatively small footprint of the proposed extension and the lack of earthquake 
related ground damage at and within vicinity of the site, it was considered that two 
shallow intrusive holes would be adequate to gain an understanding of the ground 
conditions and that deep investigation/liquefaction analysis was not necessary.  
4.2 Investigation 

EDC visited the site on 03 March 2017 to undertake the shallow intrusive investigation to 
determine the subsoil conditions.  

Two exploratory holes comprising a Hand Auger (HA) and Scala Penetrometer (SC) were 
undertaken at either end of the proposed extension footprint, as indicated below on 
Figure 2: 

 
Figure 2: Intrusive Investigation and Extension Locations 

Both HA’s were drilled to the target depth of 3.2m below existing ground level (begl). SC 
101 extended to its target depth of 3.9m begl and SC 102 extended to its target depth of 
2.9m begl.  

4.3 Ground Summary 

Table 1 below is a summary of the ground profile encountered during  EDC’s  HA’s: 

General Depth 
Range (begl) 

Ground Description Density/ 
Consistency 

Water Content 

Surface to 0.025m Asphalt - - 

0.025m to 
0.40m/0.50m 

FILL – Fine to coarse sandy gravel with 
occasional cobbles (hardfill)  

Medium dense  - 

0.4m to 
0.65m/0.75m 

FILL - Dark grey organic silt with 
occasional ash and fine sand 

Soft to firm  Moist to wet 

Key: 

     = Hand Auger/Scala 
    Penetrometer Locations 
     = Proposed Extension 

Footprint 

 

 

 

 

 

HA/SC 101 

HA/SC 102 
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General Depth 
Range (begl) 

Ground Description Density/ 
Consistency 

Water Content 

0.65m to 2.50m Light grey mottled orange clayey SILT Firm to stiff  Moist to wet. 
Saturated from 
1.8m/1.9m 

2.50m to at least 
3.20m 

Bluish grey fine to medium sandy SILT Firm  Saturated 

Table 1: Summary of Ground Profile 

Groundwater was encountered at 1.8m begl in HA 101, rising to 1.6m begl after one 
hour. Groundwater was encountered at 1.9m begl in HA 102.  

A 150mm diameter plastic pipe was encountered at 0.9m depth in HA 102. Additionally, 
the natural soil below 1.0m at the location of HA 102 had a greenish colour and produced 
a slight hydrocarbon smell. It was not clear if the two changes in the soil are related. 
A copy of the exploratory hole logs are attached in Appendix C.  

4.4 Geotechnical Ultimate Bearing Capacity  

The Scala Penetrometer results have been assessed for the approved bearing strata 
using a correlation between Scala blowcount and allowable bearing capacity by Stockwell, 
1977. Using this correlation, the Scala Penetrometer results indicate that the 
Geotechnical Ultimate Bearing Capacities (UBC) shown in Table 2 can be assumed: 

Soil Type UBC (kPa) 

Fill 150 

Natural Silt (upper 3.0m) 300 

Table 2: Available UBC  

A copy of the Geotechnical UBC graph is attached in Appendix D.  
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5.0 CONCLUSIONS & RECOMMENDATIONS 

No historical activities have been identified that are likely to present geotechnical 
constraints for the proposed extension.  

It is understood that damage to the existing building from the earthquakes was light and 
limited.  

A geotechnical report for the adjacent land to the north indicates estimated   ‘Free-Field’  
index ground settlements of between 60mm   and   90mm   under   ‘worst   case’   SLS  
earthquake conditions and 90mm to 115mm under ULS earthquake conditions.  

The risk of lateral spreading as a result of liquefaction is considered low and the risk of 
lateral stretch is considered to within the MBIE minor to moderate category (less than 
200mm). 

Notwithstanding the above, estimated Peak Ground   Accelerations   (PGA’s)   for   the   site,  
indicate that during the February 2011 event (greatest shaking at the site) the site was 
considered   ‘sufficiently   tested’   to   a   Serviceability   Limit   State   (SLS)   earthquake event. 
Following this event no liquefaction ejecta was evident on-site or on surrounding areas.  

The liquefaction analysis for the adjacent site indicates that little settlement is anticipated 
in an SLS or ULS event in the upper 4.5m despite a groundwater of 0.5m being used in 
the analysis.  Based on this and the lack of significant earthquake damage from the 
Canterbury Earthquake Sequence it is considered that shallow foundation types are 
suitable for the proposed lightweight building extension. 

The GNS  ‘Depths  to  Water  Table’ maps indicate that the mean depth of groundwater is 
generally 0.0m – 2.0m bgl in the area of the site. The  EDC  HA’s  indicated  groundwater  to  
be at approximately 1.6m depth. 

EDC’s   HA’s   encountered   a   consistent   soil   profile   comprising:   25mm  asphalt,   hardfill   to  
approximately 0.45m depth, fill comprising dark grey organic silt to approximately 0.7m 
depth, firm to stiff silt to at least 3.2m depth. 

The Scala Penetrometer results indicate the following Geotechnical Ultimate Bearing 
Capacities (UBC) can be assumed: 

Soil Type UBC (kPa) 

Fill 150 

Natural Silt (upper 3.0m) 300 

The Christchurch City Council (CCC) has indicated that the site is located within a District 
Plan Flood Management Area (FMA) and therefore a Finished Floor Level (FFL) of 14.39m 
RL is required for new building at the site. LiDAR information indicates that the average 
ground level at the site is 13.82m RL, approximately 0.6m below the required FFL. 
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6.0 RECOMMENDATIONS 

Based on the CCC floor level requirements to mitigate flood risk it is recommended that 
an assessment of the design implications for the extension is undertaken by the architect 
and structural engineer for the project.  

It is understood that the preferred foundation for the proposed extension is a slab on 
grade. This is considered a suitable foundation type.  The proposed extension is 
understood to be light weight (distributed load of less than 15kPa). The fill encountered 
on the site is hardfill to 0.5m over 0.25m thick organic silt fill. Settlement of the topsoil is 
considered unlikely to be significant (<10mm) if the foundation loads were above the 
organic fill. In view of this it is considered that the slab foundation can found above the 
organic fill, on the basis that the assumed distributed load of <15kPa is correct. A UBC of 
150kPa should be assumed for design. A 300mm thick layer of compacted AP65 should 
be placed beneath the concrete slab. A layer of geotextile (Bidim A19 or equal) should be 
placed on the base and sides of the excavation. A layer of geogrid (Cirtex Duragrid 30/30 
or equal) should be placed over the geotextile. 

The foundation should be designed by a Chartered Professional Engineer. 

The gravel hardfill should extend laterally a distance beyond the building footprint that is 
equal to the depth of gravel. Over excavation will not be possible along the southern and 
western sides of the excavation due to the site boundary and the existing building. As 
such, a Chartered Structural Engineer should design the new section of slab to suitably 
tie into the existing slab and cantilever along the western side. 

It is recommended that services (particularly drainage) are not located below the new 
foundation. All services in the area of the new foundation should therefore be identified 
(such as the pipe identified at HA 102) and re-aligned (if required) as part of the final 
design. 

It is not likely that dewatering of the excavation will be required. 

Advice from a suitably qualified Geotechnical Engineer should be sought if ground 
conditions different to those encountered in the intrusive investigation are observed 
during foundation construction works. 

Any filling work should be undertaken in accordance with NZS 4431:1989 Code of 
Practice for Earthfill for Residential Development and MBIE Module 5A: Specification of 
ground improvement for residential properties in the Canterbury region (MBIE & NZGS, 
2015). Validation testing of the compacted gravel should be undertaken and signed off 
by a suitably experienced Geotechnical Engineer. 
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PREPARED BY: 

 

Blair Griffiths 
Dip Civil Eng GIPENZ 
Geotechnical/Geoenvironmental Technician 

CHECKED BY: 

 

Giles Learman  
BSc (Hons) CGeol FGS 
Geotechnical Team Leader - Canterbury 

 
AUTHORISED BY: 

 

Gareth B Williams 
MSc(Eng) CPEng MIPENZ IntPE(NZ) MInstD MEIANZ 
Snr Geotechnical Engineer, Director 

LIMITATIONS  

Except where required by law, the findings presented as part of this report are for the sole use of our client, as 
noted above. The findings are not intended for use by other parties, and may not contain sufficient information 
for the purposes of other parties or other uses. No third party (excluding the local authority) may use or rely 
upon this report unless authorised by EDC in writing. 

To the extent permitted by law, EDC expressly disclaims and excludes liability for any loss, damage, cost or 
expense suffered by any third party relating to or resulting from the use of, or reliance upon any information 
contained in this letter. It is the responsibility of third parties to independently make enquiries or seek advice in 
relation to their particular requirements. 

Our professional services are performed using a degree of care and skill normally exercised, under similar 
circumstances, by reputable consultants practicing in this field at this time. No other warranty, expressed or 
implied, is made as to the professional advice presented in this report, in regard to its accuracy or 
completeness. Our opinions and recommendations are based on our comprehension of the current regulatory 
standards and must not be considered legal opinions. For legal advice, please consult your solicitor. This opinion 
is not intended to be advice that is covered by the Financial Advisors Act 2010. 

The recommendations and opinions contained in this letter are based on our visual reconnaissance of the site, 
information from geological maps and upon data from the field investigation as well as the results of in situ 
testing of soil. Inferences are made about the nature and continuity of subsoils away from and beyond the 
exploratory holes which cannot be guaranteed. The descriptions detailed on the exploratory hole logs are based 
on the field descriptions of the soils encountered. 

Appendices: 
Appendix A – Proposed Extension Drawing Set by Architectural Design Group (ADG) Ltd (Ref: 5996) 
Appendix B – Environment Canterbury Listed Land Use Register 
Appendix C – Exploratory Hole Logs 
Appendix D – Geotechnical Ultimate Bearing Capacity Graph 

 
Appendices should be read in conjunction with letter and this letter should not be considered complete without 
them. 
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APPENDIX A  

Proposed Extension Drawing Set by Architectural Design Group (ADG) Ltd (Ref: 5996) 
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1 INTRODUCTION 
 

The Engineering Company Limited (ENGCO) was requested by Spaghetti Junction Ltd, to undertake a 

geotechnical assessment for the proposed warehouse building with offices at 83 Byron Street, Sydenham, 

Christchurch. Refer to Figure I for a plan of the proposed development area. This report evaluates the surface 

and subsurface conditions of the site and provides preliminary geotechnical recommendations for the 

proposed building foundations, with reference to Ministry of Business, Innovation and Employment (MBIE) 

Guidance, and building codes, as appropriate. 

Our scope of works included the following: 

x Desktop study of relevant, publicly available geotechnical and geological publications; 

x Organizing deep geotechnical investigation, comprising Piezocone Penetration Tests (CPTu), Dynamic 

Cone Penetrometers (DCP) and Hand Augers (HA); 

x An assessment of liquefaction potential for the site; 

x Preparation of this report, outlining our findings on the ground conditions and including geotechnical 

advice on foundation conditions and ground remediation if necessary; 

x Preliminary foundation recommendations for the proposed warehouse building; 

2 SITE DETAILS 
 

2.1 Site description  
 
The site 83 Byron Street, Sydenham is located approximately 1.5k southeast of Christchurch city centre. The 

vacant site is surrounded by commercial buildings.  At the time of our investigation, the site was cleared, the 

contour was generally flat and the site was occupied by a number of containers.  

 

2.2 MBIE land zoning 
 

The site is classified as a non-residential site and the current liquefaction severity land classification for this site, 

according to Canterbury Earthquake Recovery Authority (CERA) maps, is “N/A-Urban Non-Residential”. A 

plan of the site location is provided in Figure 2. 

 

2.3 Regional Geology and Seismicity 
 

The geological map of the area indicates that the site has surface geology consisting of “Dominantly alluvial 

sand and silt overbank deposits”.   

 

2.4 Flood hazard 
 
Ground levels have changed across Christchurch as a result of the Canterbury earthquake sequence. Minimum 

floor elevation requirements for any rebuild at the site should be confirmed with the Christchurch City 
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Council to inform the design and construction processes. At the time of writing this report, there was no 

publically available information regarding the final floor level for the commercial building development 

proposed. 

 

2.5 Hazardous Activities and Industries List 
  
The ECAN contaminated land registry indicates that the site contained an underground storage tank which 

was removed in 2011. It should be noted that contaminated land assessment is outside the scope of this 

report. 

 

2.6 Liquefaction and Lateral Spreading 
 

2.6.1 Observed performance 
 
A site walkover was performed by ENGCO on 31st October 2016. During the inspection, there was no 

evidence of any earthquake-induced land deformation remaining onsite. A summary of our desktop assessment 

and site walkover is provided below; 

 

The “EQC Liquefaction Interpreted from Aerial Photography” map layers indicate that the property is located 

within an area where moderate to severe liquefaction was observed, following the June 2011 earthquake, and 

minor liquefaction was observed following the December 2011 earthquake. No liquefaction was observed 

following the September 2010 or February 2011 Earthquake. 

 

The “EQC Liquefaction and Lateral Spreading Observations” map indicates no ground cracking or ejected 

liquefied material were reported at the site, following the February 2011 earthquake event. The road 

observation indicates no ejected liquefied material observed, after the June 2011 earthquake.  

 

The “EQC Observed Ground Crack Locations” map indicates there were no ground cracks observed near the 

site, following the February 2011 earthquake. 

3 FIELDWORK SUMMARY 
 

3.1 Site Investigation 
 
On behalf of ENGCO, Land Test Ltd carried out two Piezocone Penetration Tests (CPTu), four Dynamic Cone 

Penetrometer Tests (DCPs) and two Hand Augur Tests (HAs) on 31st October 2016. In addition, another CPT 

test was carried out on 15th November 2016. These deep investigations were carried out under the supervision 

of ENGCO’s Engineer. The results of both deep and shallow investigations are summarized in Table 1. 
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Table 1: Location and Depth of Investigations 

Test No Investigations  Type Depth (m) 

1 Piezocone Penetration Tests (CPTu 1) 15m bgl 

2 Piezocone Penetration Tests (CPTu 2) 15m bgl 

3 Dynamic Cone Penetrometer (DCP1& HA1)  2.0m bgl 

4 Dynamic Cone Penetrometer (DCP2 & HA2) 2.0m bgl 

5 Dynamic Cone Penetrometer (DCP3) 2.0m bgl 

6 Dynamic Cone Penetrometer (DCP4) 2.0m bgl 

 

The locations of the DCP, HA and CPTu tests are shown on Figure 3, and the results are attached in Appendix 2. 

 

3.2 Shallow Ground Condition 
 
The shallow ground conditions encountered during the investigation have been interpreted from the HAs and 

DCPs. The subsurface conditions encountered are considered to be generally consistent with published 

geological information.  

The inferred shallow ground condition from specific Hand Augers (HA) are provided in Table 2. 

 

Table 2: Inferred soil profile from Test Pits 

HA1 HA2 Summary of Soil Type 

0 to 0.3m bgl 0 to 0.3m bgl Sandy GRAVEL (FILL) 

0.3 to 2.0m bgl 0.3 to 2.0m bgl Clayey SILT 
 
 

3.3 Groundwater Regime 
 

Groundwater was not encountered during the shallow investigation at this site, in October 2016. The GNS 

ground water elevation model indicates that the water table may vary between 0.0m and 1.0m bgl at this site. 

It should be noted that the ground water level may vary, seasonally. 

For liquefaction analysis purposes, an in-situ groundwater depth of 2.0m bgl and a design groundwater level of 

0.5m bgl were adopted. 

 

3.4 Site subsoil class 
 
In accordance with NZS1170.5, Section 3.1.3, site subsoil classification “Class D – Deep or soft soil sites” may 

be assumed for this site. 
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3.6 Deep Ground Condition 
 

Based on the existing geotechnical information, the site-specific geotechnical investigation undertaken by 

ENGCO and the review of published information, the following ground model for the site has been inferred, 

as outlined in Table 3. 

 

Table 3: Inferred geological model 

Soil Layer  Depth range(m bgl) Soil Description 

Layer 1 0.0 to 6.0 Clay & silty clay 

Layer 2 0.6 to 16.5 Sand & silty sand 

Layer 3 16.5 to 24.5 Clay & silty clay, Silty sand & sandy silt 

Layer 4 24.5 to 24.7 Silty sand & sandy silt, Gravel 

 

4 EARTHQUAKE- INDUCED GROUND DEFORMATION 
 

4.1 Predicted vertical deformation 
 

Assessment of earthquake-induced ground deformation at the site has been carried out in accordance with 

MBIE Guidance, using proprietary liquefaction assessment software.  The derivation of the procedures has 

been based on a conservative approach to give estimates of deformation that may be experienced in the 

earthquake scenarios at a free-field site, i.e. one with no building present, and not subject to lateral spreading. 

The results of this analysis are summarized in Table 4.  

 

Table 4: Estimated Total "Free-Field "Ground Surface Settlement from CPT and BH results 

Earthquake 

Scenario 

Moment 

Magnitude 

(Mw) 

Peak Ground 

Acceleration(PGA,(m/s2)) 

Settlement to 

tested depth 

(mm) 

MBIE ”Index 

Value”(settlement in 

Upper 10m) 

(mm) 

SLS1 7.5 0.13 65 - 90 55 - 80 

SLS2 6.0 0.19 75 - 100 60 - 90 

ULS 7.5 0.35 155 - 165 90 - 115 

 
The liquefaction assessment results are provided in Appendix 2. 

The analysis results indicates that a non-liquefiable soil layer is located between 3.0m bgl and 7.0m bgl, under 

ULS conditions.  

 

4.2 Assessed lateral deformation 
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Following the procedure outlined in Section 12.2 of the MBIE Guidance, an assessment of the global lateral 

movement of the site and lateral stretch across the site has been undertaken and the results are outlined in 

Table 5. 

 

Table 5: Assessed lateral deformation at the site 

Assessed global lateral movement category of the 

site 
Minor to moderate (less than 300mm) 

Assessed lateral stretch category of the site Minor to moderate (less than 200mm) 

 

Based on the Canterbury Geotechnical database (CGD) horizontal ground movement data, the site is 

categorized as being subject to minor to moderate global lateral movement. Site observations and subsequent 

analyses show that the site has been ‘sufficiently tested at SLS’ to a significant degree, and that a minor global 

lateral movement category is appropriate for this site. 

We consider the risk of lateral spreading, as a result of liquefaction at this site, to be low, as there are no 

major cracks due to earthquake events (based on desktop studies). We consider that the risk of lateral stretch 

is in the minor to moderate category as there were no significant ground cracks identified at the site. 

5 FOUNDATION RECOMMENDATION FOR THE 
DEVELOPMENT 

 

5.1  Design considerations 
 

At the time of preparation of this report, the anticipated foundation loads from the proposed structures were 

not known to ENGCO, but have been assumed to be based on a single level, heavyweight warehouse building. 

Due to the liquefaction risk at this site, conventional shallow foundations are not recommended.  

A specifically designed, piled foundations is a viable solution for the proposed building. The piles would need to 

be founded at a depth of 12.5m bgl. It should be noted that pile driving operations can cause vibration to 

adjacent buildings and suitable pile installation methods should be considered for the pile driving, including the 

potential use of screw piles. The piled foundation solution would require minimal excavation, as the structural 

loads would be transferred through the piles. It should be noted that the soil layer between 12m and 16m bgl 

has sufficient bearing capacity (>15MPa) and thickness, to resist superstructure loads, under SLS earthquake 

conditions. 

The design of the building structure and foundations must be carried out to ensure that, as a minimum, SLS 

and ULS Building Code performance requirement are fulfilled (e.g. low probability of causing loss of amenity 

through undue deformation, for SLS events, and low probability of rupturing, becoming unstable, losing 

equilibrium or collapsing, for ULS events). 
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6. Construction Observation 
 

6.1 Pavement Areas 
 

It is generally advisable that any un-engineered fill or unsuitable material be removed from under any pavement 

areas, prior to construction, and replaced with compacted granular fill. However, based upon our assessment, 

the density of existing soils may be adequate for the support of access ways.  

6.2 Underground Services 
 

Flexible connections should be constructed where all service drains and ducts enter/exit the concrete floor 

slabs. Service trench backfill within 1.5m of the buildings is to comprise well graded crushed stone aggregate 

(i.e. CAP 20), compacted from the surface only. 

 

6.3 Storm water 
 

Concentrated storm water flows from all impermeable areas must be collected and carried in sealed pipes to 

the Council system. Uncontrolled storm water flows must not be allowed to run onto or saturate the ground 

so as to adversely affect foundation performance, both statically and during future seismic activity (liquefaction 

potential and liquefaction induced settlement are both increased with a higher groundwater table, resulting 

from uncontrolled disposal of storm water). 

7 Limitations and Restrictions on Building Consents 
 

7.1 Construction of building on land subject to natural hazards 
 
 
In terms of Section 71 of the Building Act 2004, Christchurch City Council has an obligation to consider the 

following matters, and to refuse consent unless satisfied that measures have been or will be taken to remedy 

identified hazards: 

x Erosion, including surface and subsurface erosion, associated with water and wind; 

x Falling debris, including rockfall that could impact the site from upslope sources; 

x Subsidence, which involves the removal of underlying support by natural or artificial means; 

x Slippage, which is defined as the downslope transfer of materials by sliding and/or flowage; 

x Inundation, including flooding, overland flow, storm surge, tidal effects, and ponding.  

 

Provided adequate stormwater drainage is in place, erosion is not considered an issue at this site. 

As the site is situated on the flat, falling debris is not an issue. Due to the moderate to high potential for soils 

to liquefy at ULS levels of seismic shaking beneath the site, minor to moderate subsidence could occur during 

an earthquake event. Provided a foundation system per the recommendations of this report (Section 5.0) is 

constructed, we consider the proposed foundation system will comply with MBIE industrial building guidance 

performance criteria. There are no other potential subsidence and/or settlement processes that could 
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adversely affect the foundation system. The site is far removed from any free edge or major waterway. In 

terms of slippage, lateral movement is considered to be consistent with the minor category during a ULS 

seismic event. ENGCO is satisfied that there are no geotechnical issues pertaining to Section 71 of the Building 

Act 2004 that cannot be addressed by appropriate foundation design and drainage on the site. 
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9 LIMITATIONS 
 

9.1 General 
 
This report, prepared by ENGCO, at the request of our Client, is exclusively for our Client’s use, is not to be 

relied upon by any other person, and is strictly limited to the matters herein. 

No responsibility or liability to any third party is accepted for any loss or damages whatsoever arising out of 

the use of or reliance on this report by any third party, outside of our Client. Nor may the report be used for 

any other property than the one specified. 

The report and its contents are not to be quoted or published without ENGCO’s consent. 

 

9.2 Geotechnical 
 
The conclusions of the report are based on the interpretation of a limited number of tests at specific locations, 

and information gathered from nearby sites and other sources. It shall not be relied upon for any other 

purpose. The reliance by other parties on the information or opinions contained in this report shall, without 

our prior review and agreement in writing, be at such parties’ sole risk. ENGCO will not accept liability for 

global stability issues on this site where investigation on a single lot could not reasonably assess the global 

stability issues. 

During excavation and construction, the site should be examined by a Geotechnical Engineer to judge whether 

the exposed subsoils are compatible with the inferred conditions. It is possible that the nature of the exposed 

subsoils may require further investigation and the modification of the design based on this report. In any event, 

it is essential that ENGCO is notified if there is any variation in subsoil conditions from those described in the 

report, as it may affect the design parameters recommended in the report. There is no investigation, which is 

thorough enough to preclude the presence of materials at the site, which presently, or in the future, may be 

considered hazardous. 

Should you require any further information, please contact the ENGCO office on 03 366 7955 
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Appendix 1 
Figure 1- Site location plan 

Figure 2- Site Location plan Showing MBIE Technical Category Map 

Figure 3- Field Investigation Location 
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Figure 1 Date 23/11/2016 Title Site boundary & Development Area 

Project No 16363 Reference N/A 
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Figure 2 Date 23/11/2016 Title Site Location Plan showing MBIE Technical 
Categories 

Project No 16363 Reference Canterbury Geotechnical Database.  

 

 

Site Location 
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Figure 3 Date 23/11/2016 Title Field  Investigation Locations 

Project No 16363 Reference N/A 

 

 

CPT1 

CPT2 

DCP3 

DCP4 & HA2 

DCP2 

HA1 & DCP1 

CPT3 
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Appendix 2 
Liquefaction Assessment Results 
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Appendix 3 
Shallow Geotechnical Investigation Results 
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