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An Important Note For The Reader

The research detailed in this report was commissioned by Transfund New
Zealand.

Transfund New Zealand is a Crown entity established under the Transit New
Zealand Act 1989. Its principal objective is to allocate resources to achieve a
safe and efficient roading system. Each year Transfund New Zealand invests a
portion of its funds on research that contributes to this objective.

While this report is believed to be correct at the time of its preparation,
Transfund New Zealand, and its employees and agents involved in the
preparation and publication, cannot accept liability for its contents or for any
consequences arising from its use. People using the contents of the document
should apply, and rely upon, their own skill and judgement. They should not
rely on its contents in isolation from other sources of advice and information.

This report is only made available on the basis that ail users of it, whether direct
or indirect, must take appropriate legal or other expert advice in relation to their
own circumstances. They must rely solely on their own judgement and seek
their own legal or other expert advice in relation to the use of this report

The material contained in this report is the output of research and should not be
construed in any way as policy adopted by Transfund New Zealand but may
form the basis of future policy.
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Executive Summary

Transfund NZ commissioned GHD Ltd to monitor the performance of an innovative
stabilisation method designed and implemented by GHD’s Geotechnical Team. The
stabilisation method consisted of the construction of deep graded gravel columns to
provide positive subsurface drainage to the failure planes within a slip site. This
monitoring was undertaken as a part of the stabilisation of a road embankment slip at
Snake Hill (SH1 RP 144/11.34).

The report finds that graded gravel column drains are a suitable cost-effective
method for the stabilisation of deep-seated road failures driven by high pore water
pressures. The graded gravel column drain stabilisation method was evaluated on the
basis of performance and cost against conventional methods such as piled retaining
walls, counterfort drains and spider drains. The column drain method of stabilisation
offers up to 35% savings over more conventional methods. The advantages and
limitations associated with this technique are discussed.

The monitoring program undertaken indicates that the elevated pore water pressures
at the site have generally been reduced to target levels, and the site deformation has
progressively decreased. Following installation of the graded gravel column drains,
computer simulated stability back-analysis was conducted for this site. The analysis
returned an acceptable Factor of Safety of 1.6. Based on this the inclinometer
readings GHD has concluded that further reinstatement of the road pavement, as a
result of progressive failure will not be required.

Dr Laurie Wesley, a Senior Lecturer, undertook an External Independent Peer
Review of this report at the University of Auckland. GHD concur with his
recommendation that further surveillance should be undertaken.



Abstract

This report presents the findings of the monitoring programme undertaken by GHD at
Snake Hill (SH1 RP 144/11.34), a road slip site which was stabilised using graded
gravel column drains. Monitoring of pore water pressures was undertaken using
piezometers, inclinometers were monitored to determine deformation, and computer
simulated back analysis was undertaken. This report discusses the results of the
monitoring programme, and asserts that the column drains have provided effective
positive subsurface drainage to the failure planes, resulting in the stabilisation of the
site. It also discusses the typical cost of methods for the stabilisation of deep-seated
road failures driven by high pore water pressures, and finds that column drains are
comparatively cost-effective.
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1 Background

In March 1999 Transit New Zealand commissioned Manukau Consultants Limited
(now GHD Ltd) to undertake contract PN 1774. The commission involved the
geotechnical investigation, design and construction supervision for the reinstatement
of the following road slips:

o  Snake Hill Underslip SH 1 (RP 144/11.34)

e Tangiteroria Underslip SH 14 (RP 15/13.35)

» Goose Camp Overslip SH 1 (RP 32/7.70)

The Snake Hill Underslip was stabilised using graded gravel column drains, an
innovative method designed by GHD’s geotechnical team. Transfund New Zealand
agreed to fund a research project for GHD to monitor the effectiveness of this
methodology and to submit a report. This report discusses:

» The methodology implemented for the stabilisation of the Snake Hill

Underslip site;

» The subsurface investigation;
The remedial measures undertaken;
The post construction monitoring;
The effectiveness of graded gravel column drains in site stabilisation,
The cost in comparison to conventional stabilisation measures;
Suitable conditions and limitations for the use of graded gravel column
drains;
e An assessment of the risks associated with the method.

2 Site Description

21 Location

The site at Snake Hill is located on SH1 at RP 144/11.34 (approx. 12km north of
Whangarei). The slip is located along the fill embankment on the southbound lane of
this dual carriageway (see Appendix A.)

2.2 Site Observations

The following on site observations were made prior to the subsurface investigation
{by, V. Jairaj, principal geotechnical engineer):
¢ The road embankment was located across a deeply incised natural gully. The
southbound lane curved to the right and sloped down in a southerly
direction;
e A 45m wide failure headscarp (visible through the road seal), extended to the
road centreline;
e A rubble-lined concrete water table drain was located adjacent to the
northbound lane. This drain flowed in an east to west direction;
e A culvert was located beneath the fill embankment. This directed the surface
drainage water from the water table drain to the toe of the failed slope;
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e  The batter slope of the fill embankment in the southbound lane varied from

1(V):2.5(H) and 1(V):3(H);
¢ A stock pond, fed by surface drainage from the road culvert, was located
immediately south of the embankment.

3 Site Geology
Thompson, B. N. 1961. Sheet 2A Whangarei. (1" Ed.) Geological Map of New

Zealand. 1:25 000. Department of Scientific and Industrial Research, Wellington,
New Zealand, suggests that the site is underlain by:

TEEE Pt
Alluvium e  Undifferentiated deposits in | Quaternary
streams and river valleys.
Overlying;
Greywacke & o Intensely deformed, jointed | Paleozoic to
Argillite and sheared, hard argillites Mesozoic
and massive greywacke
sandstones;
o  Of the Waipapa Group.
And / or:
Basalt o Lava flow deposits, in Quaternary
terraces;
e  Of the Horeke Basalts.
See Appendix B.

4 Site Investigation

4.1 Subsurface Investigation

A drill hole, BH 1, was positioned on the southbound shoulder in order to determine
the nature of the subsurface material, and the depth of the failure piane(s). A wireline
rotary-core dnlling rig was used by Drillwell Exploration NZ Ltd to recover core. The
core was logged and photographed by Ormiston Associates Ltd. The position of BH 1
is shown on the “As Built” drawing in Appendix E.

The insitu materials from the recovered core are summarised in the top table on the
next page (page 13).

4.2 Failure Mechanism

4.21 Location of failure planes

The construction details and as-built data pertaining to this embankment were not
readily available for reference during the investigation. Three potential failure planes
were identified during the subsurface investigation: these varied in depth from 3.5m to
6.7m below the road level.
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0-1 .Om Basecourse

1.0-7.6m | Fill

¢ Consisting of SILT and CLAY, various intermixed
materials, including some large wood organics;

e Three potential failure planes consisting of
saturated clays and clayey silts, with organic
material, occurred between 3.5-4.5m, 4.8-5.0m,
and 6.0-6.7m depth.

9.45m
(EOB)

7.6- Mudstone e Inferred to be argillite of the Waipapa Group (see
Geology, Section 3.0);

e Highly weathered and highly sheared,

e Very stiff soil to very weak rock;

o Frequent calcite deposits and occasional calcite
veining in joints.

See Bore log and photographs, Appendix D.

4.2.2 Drivers

The following drivers are considered to have contributed to the instability at this

location:

» Subsurface materials containing highly plastic saturated CLAYS and silty
CLAYS with organic inclusions may have contributed towards a preferential

failure plane;

o Basecourse material more than one metre thick, located along the headscarp

of the failure plane;

e Poor subsurface drainage has contributed to elevated pore water pressures
along the failure plane. The water sources are:
- Groundwater percolating through more permeable horizons within the

road formation;

- The location of the stock pond at the toe of the embankment.

5 Design

5.1 General Options

Options for the stabilisation of a slip can be broadly classified into the following

groups:

C.hange in slope
geometry

e Reduce driving force
i.e. regrade slope,

o Increase resisting
forces i.e. toe loading
or retaining walls.

Effective when slope geometry
is the only driver of the failure,
and competent material exists
for founding retaining
structures.

Change 1n soil
parameters

Excavate below failure
plane and backfill with
competent material.

e Labour intensive;
¢ Expensive

Reduction of pore
water pressure

Subsurface drainage

Effective when failure is driven
by high pore water pressures.
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5.2

Retaining Walls

The suitability of retaining walls to stabilise the underslip was evaluated as tabled as

follows:

L

Gravity retaining
walls i.e. Gabion

foundation. If no suitable

No suitable foundation
was identified. These

concrete pile
retaining wall

baskets/ foundation exists these measures | measures were likely
“Massblock™ can become a head load for to exacerbate the
further instability. instability in this
location.
Reinforced This option requires the presence | A failure plane was

of a suitable thickness of stable
material to act as passive
resistance to movement of the
slope, and may require keying
into the underlying bedrock
horizon.

identified at 6.7m
below ground level.
This solution is
unlikely to be cost-
effective, as piles need
to be very robust.

5.3

Drainage Options

Conventional drainage methods and their limitations with respect to the Snake Hill
site were evaluated as follows:

Counterfort drains

Depth of excavation is limited to
a maximum of 4m, beyond which
this method is uneconomical and
cumbersome.

Failure planes |
identified to depth of
6.7m.

Spider drains

Horizontal drains can miss the
failure plane and therefore may
not provide effective subsurface
drainage.

Spider drains require regular
maintenance of the drainage

pipes.

Three potential failure
planes were identified.
Drainage of all three
would require separate
spider drain systems.
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Drainage improvement was chosen as the preferred option to stabilise the underslip
for the following reasons:

» At this location the batter slope of the embankment was approximately 1(V):
3(H). The geometry of this slope was considered to be adequately stable for
an engineered fill;

o High pore water pressures were exhibited by the subsurface strata
immediately below the embankment;

e Based on this, it was inferred that the failure was driven by high pore water
pressure, and a cost-effective deep drainage system was required.

Lack of confidence in the conventional options for the stabilisation of this site led
GHD to explore for alternative drainage methods.

5.4 Graded Gravel Column Drains

The development of an effective method to stabilise deep-seated progressive underslip
failures was recognised as a priority by GHD. Graded gravel column drains provided
a means for long term stabilisation of deep-seated road failures. The stabilisation
method developed by GHD consisted of the provision of deep positive subsurface
drainage to the existing failure planes.

5.4.1 Design methodology

Seventeen strategically located 900mm diameter vertical columns were drilled through
the failure surface at the Snake Hill underslip to a stable underlying formation. The
columns were then back-filled with a graded aggregate material. The drainage water
from the base of the columns was directed to a manhole, through a 63mm diameter
HDPE sub horizontal pipe grouted to the base of the column,

The column drains provide long-term, positive subsurface drainage through the failure
planes at thus site. (See Appendix C for the construction drawings.)

5.4.2 Comparison to conventional methods
The following are some of the advantages of using the graded gravel column drain
over other (widely used) methods:
¢ It provides an effective mechanism to reduce high porewater pressures in
deep seated slips and thereby stabilising them;
¢  The graded nature of the backfill limits migration of fines and thereby ensures
that positive drainage is maintained;
*  The method is cost-effective and requires minimum long-term maintenance.

5.4.3 Research team

The stabilisation of the Snake Hill underslip employed an innovative method
developed by GHD’s geotechnical team. This was lead by V. (Raj) Jairaj, who was
responsible for the investigation, design, monitoring and evaluation of this project.
The project was administrated by Mark Smith of GHD.
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Dr Laurie Wesley (University of Auckland) undertook an external peer review (see
Appendix J) of the reinstatement works at the foliowing stages:

¢ Investigation and design;

e Review of post reinstatement works;

¢ Review of monitoring information and the completion report.

8 Construction

6.1 General

The contract was awarded to Ken Rintoul Cartage & General Contractors Ltd.
Construction began in April 2000 and was completed in June 2000. The works
involved in the construction of the graded gravel column drain system can be
summarised as follows:

o  The vertical columns were drilled at pre-selected locations at this site;

¢  Sub horizontal directional drilling was undertaken to intercept the pre-drilled
vertical shafts at the specified invert levels;

e 63mm diameter MDPE pipes were threaded through the sub-horizontal holes
to connect the vertical shafts to the drainage manholes. The inlet end of the
pipe was wrapped in approved geofabric;

The vertical shafts were backfilled with graded gravel;

e The existing basecourse was excavated and removed from the southbound

lane. The lane was rebuilt with approved aggregate reinforced with geogrid.

6.2 Construction Details

» Directional drilling was undertaken from a pre-excavated pit. Appropriately
sized drainage manholes were erected at each of these pit locations. During
construction the pit walls require temporary support to prevent collapse.

e The construction of the column drains was undertaken using a 900mm
diameter auger rig. The drilled shafts were supported with temporary steel
casing. This facilitated man access to complete installation of drainage inlet
details.

e  The directional drilling was completed in most locations with ease; however,
when the drill head encountered unweathered greywacke sandstone, progress
of drilling was slow.

e Engineer’s representative inspected each column drain connection. This
necessitated additional supervision time. Construction observation costs were
$2K — $3K more than migth have been expected for conventional retaining
wall construction.

9

Although the column drain stabilisation method is a new technique, the physical
construction work was completed easily in accordance with the construction
specifications. (See Appendix E for the “As Built” drawing.)
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7 Pre and post Construction Monitoring

7.1 General

GHD’s original proposal was to install monitoring instruments prior to the
commencement of stabilisation works. However, site conditions at this location
precluded accessibility of drilling equipment to do this. However, during the latter
stages of the construction three inclinometers and five piezometers were installed.

During the post construction period the column drains were seen to continuously
discharge large volumes of water into the manhole. This confirmed that they were
draining subsurface water, which is considered to have contributed to progressive
failure of the slip at this site.

7.2 Piezometers

Five piezometers were installed in two drillholes located midway down the slope and
at the toe. Refer to the “As Built” drawing (Appendix E) for the piezometer positions.

Py 84.151 95.061
P, 88.601 95.061
Ps 91.431 95.061
H2 P4 83.764 93,764
Ps 88.184 93.764

The piezometers were monitored from June 2000 to April 2001 at approximately
monthly intervals. The monitoring information has been transferred to a spreadsheet
format. The graphical representation of this information is included in Appendix F.

Post construction monitoring indicates that:

o  Generally the porewater pressures registered by the piezometers were at or
slightly above the column drain outlet elevation.

e Piezometers P4 and Ps register porewater pressure below the outlet level of
Row 1 of the column drains. This is due to the influence of deeper drainage
outlets from the column drains in Row 2, which are in the immediate vicinity
of these piezometers.

e Immediately after construction, piezometers P, and Ps show sensitivity
following rainfall events. However after allowing the site to drain and
stabilise further rainfall events appear to have had insignificant influence on
the piezometric levels.

¢ Piezometers P, and Ps are installed within the same drillhole and are isolated
by a bentonite plug to measure pore pressures within two separate zones.
However their readings show identical signatures. The observed pattern in
the readings suggests that the bentonite plug make not have been effective
i.e. short-circuiting of porewater pressure.
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e Piezometers P, and P; show porewater pressure approximately 1.5m above
the drainage outlet. This may be due to
either
partially blocking by algae growth of the the outlet to some of the columns at
the manhole,
or
during the drilling of the vertical columns the walls of the columns could
have been smeared with fine silty CLAYS. The clay would restrict the
passage of water into the columns. The columns were spaced at 4m C/C and
there is thus a possibility that some of the groundwater is finding its way
along the original drainage paths between the columns. Over time the soil
particles on the inside of the columns will be rearranged and subsurface
water will be drawn into the lower permeable graded gravel of the column.
By this time the piezometer levels will progressively be drawn down to the
outlet level.

7.3 Inclinometers

Two inclinometer tubes were installed at the site by Drillwell Exploration Ltd, and
monitored by Geotechnics Ltd. The locations of the inclinometers, I; and I, are

shown on the “As Built” drawing in Appendix E. I and I were installed to depths of
12m and 10m respectively.

The base readings were taken on 13 June 2000, and further readings were taken on 30
October 2000 and 18 April 2001. The results are summarised in the following table.

I Deflection of 8mm @ 7m | Deflection of 13mm @ 7m
depth depth

L Deflection of 8mm @ 8- Deflection of 1Zmm @ 8-
9m depth %m depth

The inclinometer monitoring data, shown in Appendix G, suggests that:

e Minor movement associated with post-construction settlement has occurred
during the initial 5 months period following construction however this has
not compromised the integrity of the road surface at this location.

e Movement during the latter six-month period is within the order of accuracy
of the instrument (= 5mm). It is therefore likely that no movements have
occurred in the later 6-month period. Additional readings should however,be
undertaken to confirm this.

e The instability at the site has been resolved as a result of positive subsurface
drainage.

7.4  Stability Analyses

Computer simulated slope stability analyses of the site have indicated a sufficiently
improved factor of safety of 1.6 following construction of the graded gravel column
drains. Stability analyses were conducted at both pre and post construction stages,
using the Geoslopes modelling program SLOPE/W. The post-construction analysis
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was modelled using the piezometer and inclinometer readings taken throughout the
monitoring programme. The results of the stability analyses are shown in Appendix H.

7.5 Post Construction Surveillance and Maintenance

Generally the site instability at Snake Hill is driven by high porewater pressure during
prolonged wet periods — typically during winter. Surveillance monitoring undertaken
at Snake Hill to date has only been undertaken over one winter period. In order to
confirm the ongoing effectiveness of this solution it is recommended that the
surveillance and maintenance programme continue at this site as follows:

e The piezometers are measured on a monthly basis for the next two years.
Logistics may require that this be reduced to a minimum frequency of three-
monthly for two years;

e  The inclinometers should be monitored annually for the next two years;

e The drainage outlet pipes should be cleaned at six-monthly intervals, in order
to maintain the free flow of subsurface water.

8 Cost Analysis

Detailed costs for various stabilisation options have been estimated (Appendix ). The
cost analysis also includes the maintenance cost for each option, over a 25-year
period. This is summarised in the following table.

Minimal maintenance

Intersection and drainage of failure
planes is assured

Gravel grading controls mitigation of soil
particles and hence ensures long-term
effectiveness

Visually pleasing

Can be used under roads to transfer some
pavement loads to a more competent
horizon

Becomes a shear key although this
property is subordinate compared to the
lowered pore-water pressure

Low cost

e  Principal instability driver
Wall Conventional, well understoed (porewater pressure) not
consiruction methodology removed
s Visual impact
¢ Expensive
Counterfort $23IK Removes principal instability driver ¢ Limited to 4-5m depth
Drains (porewater pressure) ¢  Prohibitively expensive for
Conventional, well understood deep-seated failures
construction methodology
Spider Drains $126K Removes principal instability driver ¢  Uncertainty associated with
(porewater pressure) intersection of failure planes
Low cost does not ensure positive
subsurface drainage
* Bad track record for
instability stabilisation
¢  Cost of maintenance is
considered to be greater than
any other option
Graded Gravel 111K Removes principal instability driver ¢  Limited maintenance
Column Drains (porewater pressure) required in ensuring that

pipes remain clear. However,
under certain conditions
unblocking of pipes may be
required due to laminite
build-up on inside of
drainage pipes
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9

9.1

Suitability of Graded Gravel Column Drains

Suitable Conditions

The graded gravel column drain method is suitable for the following land stabilisation

works:
[ ]

9.2

Deep-seated land instabilities driven primarily by high porewater pressures;
Can easily be adapted to suit instabilities in relatively steep topographical
terrain;

Provides positive drainage to all water bearing strata encountered throughout
the entire depth of the column. This reduces porewater pressures in these
strata and thereby provides stability to the site;

An appropriate level of site investigation is required to determine failure
planes and parameters. If the drivers and the extent of failure can be
ascertained with confidence prior to conducting subsurface investigations,
then the site investigation can be scaled down, without adversely affecting
the reliability of the stability achieved.

Unsuitable Conditions

The graded gravel column drain solution is not suitable for the following situations:

10

Where the failure is not driven by high porewater pressures but other factors
such as geometry of the slope or the soil parameters;

In situations where failures are shallow seated and driven by high porewater
pressures, conventional methods such as counterfort drains may well be more
cost effective, as conventional machinery, such as hydraulic excavators etc.,
can be used.

Risk Assessment

10.1 Construction of Graded Gravel Column Drains

The following risks are associated with construction of the column drains:

Temporary steel casings should be provided for support of the drilled shafts
in all cases. This addresses the following issues:

- collasing holes

— soft ground

— high water tables

— safety before man access is permitted;

Excavation for thrust pits and manholes at the base of an unstable slope
requires carefully designed temporary support to protect workers at these
locations. Construction works should preferably be undertaken during dry
summer months, when the porewater pressures are low and hence risk of
failure 1s at a minimum;

Working on a road requires adequate traffic control. However, generally one
side of the road may remain open;

Elastic contraction of MDPE drainage pipes during post installation periods
should be given cognisance. Such contraction may discharge drainage water

20



to the outside of manholes and thereby exacerbate existing site instability.
The MDPE pipe should therefore be extended adequately through the
manhole to allow for any elastic contraction movement. The pipe should only
be grouted into the manhole once all contraction movement has ceased.

*  Undulating bedrock horizons may pose a limitation to directional drilling,

10.2 Long Term

The following risks may affect the long-term function of the column drains:

e Graded gravel has been used within the column to filter drainage water and
prevent long-term blockage within the drainage medium. Tnadequate care in
the selection of gravel grading may result in serious failure of this system;

* The MDPE pipes selected were greater in size than would be required under
normal operational conditions. This is to allow for any unexpected blockages
within the 63mm diameter pipes. Inspections of the manhole outlets of the
63mm diameter pipes are required on a six-monthly basis. Any laminite build-
up needs to be cleared immediately;

¢ Subsurface water may track along the annulus of the 63mm diameter MDPE
pipe and the directionally drilled hole. Over a prolonged period, the resultant
irrigation of the failure plane will exacerbate instability. Application of an
adequate quantity of bentonite grout at the column drain inlet is imperative
to the success of this method.

11 Response to Peer Review

Dr Laurie Wesley (University of Auckland) undertook an external peer review of the
reinstatement works. His peer review is included in Appendix J. GHD’s response to
the peer review is as follows:

e Point 3 -~ We agree with Dr Wesley’s statement and have outlined our
recommended program for further post construction surveillance and
maintenance in section 7.5.

e Point 4 — We agree with his statement that, uncertainty exists in the
increase in the value of factor of safety (FOS) since completion of
stabilisation works. However given the limitations to the pre-construction
information of the site, the results of the computer stability analysis
presents the best comparison model of the pre and post construction
FOS.

e Point 5 — We concur that allowance should be made for monitoring of
porewater pressures following prolonged heavy rainfall. This will enable
the response to rainfall events to be determined.

e Last Paragraph — Other sites where the graded gravel column drains have
been used and where pre and post construction surveillance was
undertaken all show very positive results and appear to be well stabilised.
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12 Conclusions

From the geotechnical investigation, monitoring program and construction of the
project, the following conclusions can be made:

* The observed instability along SH1 at Snake Hill (RP 144/11.34) can be
attributed to the poor quality of fill within the road embankment, combined
with elevated pore water pressures driven by poor surface and subsurface
drainage;

s Conventional drainage methods were unsuitable for the site conditions and a
purpose designed, deep subsurface drainage system was devised by GHD to
stabilise the slope;

e Graded gravel column drains are a suitable method for dealing with a deep-
seated instability driven by high pore water pressures. Minor settlement may
occur, but this is unlikely to cause distress to the road surface in this
location;

e The impact of the stabilisation works on the environment has been minimal;

e The cost of the graded gravel column drain stabilisation method has been
significantly less than the typical cost of conventional stabilisation methods.

13 Recommendations

Through the construction and surveillance of the column drains at the Snake Hill site
the column drain stabilisation method has been proved to be cost effective at
stabilising deep seated instability at this site.

It is therefore recommended that this stabilisation method be adopted as a suitable
stabilisation method for similar sites.

14  Scope and Limits of Geotechnical Investigation

An understanding of the geotechnical site conditions depends on the integration of
many pieces of information, some regional, some site specific, some structure specific
and some experienced based.

The advice tendered in this report is based on information obtained from the
investigation locations tests points and sample points and is not warranted in respect
to the conditions that may be encountered across the site at other than these locations.
It is emphasised that the actual characteristics of the subsurface materials may vary
significantly between adjacent test points and sample intervals and at locations other
than where observations, explorations and investigations have been made. Subsurface
conditions, including groundwater levels and contaminant concentrations can change
in a limited time. This should be borne in mind when assessing the data.

It should be noted that because of the inherent uncertainties in subsurface evaluations,

changed or unanticipated subsurface conditions may occur that could affect total
project cost and/or execution.

22



The subsurface and surface earthworks, excavations and foundations should be
exanuned by a suitably qualified and experienced engineer to judge whether the
revealed conditions accord with both the assumptions in this report and/or the design
of the works. If they do not, the engineer needs to modify advice in this report and/or
design of the works as necessary.
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Appendix A
Location Map
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Appendix B
Site Geology
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ALLUVIUM: Undifferentiated stream and river valley deposits, of Quaternary Age.

Y GREYWACKE & ARGILLITE: Highly weathered, deformed, jointed and sheared, hard
arkosic argillites and massive greywacke sandstones, with chert and associated
manganese, and secondary silica or calcite veining. Of the Waipapa Group, of Permian
to Jurassic age.

hr BASALT: Basalt flows without scoria cones, now forming terraces up to 600ft above sea

level. Of the Horeke Basalts, of Pliocene to Pleistocene age.
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Borelog and Photographs

31



Job No:  22/1003
i . LOG OF BOREHOLE BH 1
roject: Snake Hill RP 144/11.34 - SH1 Sheet 1. of 2
e of 2L
Borehole Locatlon: SAMPLE
FIELD TES
Surface Elevation: Datum: DATA ™
P £
Surface Conditions: = | 2 3
O £ = E =
- . o 535 EEE|8|E8 2% |2 5
5 Soil / Rock Description s | A 85 | 20| § 3
& © <8l v |6
111
Basecourse
SILT, slightly clayey, stiff, wet, slightly to moderately 1 w 159/28
plastic, intermixed light grey, orange, brown. §
- Frequent weakly cemented clasts {1-2mmd) §
B _C_fla%yrfTrn?, saturated, highly plastic, light grey, orange §
N —éli-g_htly_c;!agfey, firm, wet, slightly plastic, light grey, orange \\\
- 2 \\\
. \
= N
_w [ Occasional clayey SILT lenses §
T Glayey, firm, wet, highly plast b 3 N
ayey, firm, wet, highly plastic, grey, brown Q 0
\ 1
\ i
\ N=2
CLAY, soft, saturated, highly plastic, grey, brown, cccasional ]
partly decomposed organic matter and gravel (fins) Q
N
I~
n 4 N
N
N
N
N
— - - - 48/18
SILT, slightly clayey, stiff, wet, slightly plastic, grey, brown
200mm CLAY lense, saturated, highly plastic, greenish gray 5 N v'
I 14
Date Started ....2.March.1988...........
Date Finished....2.Mareh1389........ DRILLWELL EXPLO RATION
DHIIET weeervere N.Z. LIMITED
Type of Rig .....
Shear Vane NO, LORATAS. ... Ph : (09)2679100 Fax : (09)2678100
Logged by ....Ormiston.Assegiates Lid 39 '




Do 2Aeos LOG OF BOREHOLE BH 1
“1 Project: Snake Hill RP 144/11.34 - SH1
o Sheet 2.. of 2...
orehole Location: SAMPLE
FIELD TESTS
Surface Elevation: Datum: - DATA _
< BQ 5 .
Surface Conditions: i o £ ool = 0 & g %
-‘—é = £ |E o _.__O__' 28! 5F |2 [
3 . 3|8 =353 | &|58| 22 || 5
E Soil / Rock Description <5 a BEsio|ug g §
@ © Qg w |6
11
- N
_____ \ : N
SILT, stiff, wet, non plastic, dark brown/grey, large wood B \
fragments, frequent roots (2-3mm2) - §
u . \Q
- N
: \
; \
- —6 N 4y
L 2
C 2
— N 3
= s N=5
L = — . - . o <]
~  Slightly clayey, soft, saturated, slightly plastic, intermixed - \\\
light grey, dark grey and brown, frequent organic matter N \
Becomes grey, crange - %
SILT, stiff, wet, non plastic, grey, orange, frequent _ \
black flecks - 7 \
- Faint rock fabric - \
Occasional carbonaceous material N §
- [ A -
: , - St & 7
SILT, very stiff, wet, non plastic, dark grey R \ 9
AT
N \ 12
RART \ N=21
LAY 4
; AR 8 \
1y AL
= S \
© ; ; AR
[ Frequent calcite deposits \avaw
~ Wavarn
2% Y \
adlL s \
S0 — - —— vl
s« Dark’grey, highly weathered, homogeneous, very weak, m: \
g MUDSTONE, highly sheared nature NARAT \
r AT
o - %: \
<zt AT 9 NN
- A N 0
= Occasional calcite veining pen”
w AR 22
w -
>0 i N 27
S AN N\ N=49
T ke .
o E.O.B. 8.45 m (Targst Depth) X
st o
F 10 L

Date Started
Date Finished...2.March,1999...........
Driller
Type of Rig
Shear Vane No.
i Logged by

DR 1749

33

.......

DRILLWELL EXPLORATION

N.Z. LIMiTED

Ph : (09)2679100 Fax : (09)2678100







Appendix E
“As Built” Drawing
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Appendix F

Piezometer Monitoring Data
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Appendix G
Inclinometer Monitoring Data
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Appendix H
Stability Analyses
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Cost Analysis
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Simplified Procedures

m SITE STABILISATION OPTION: Column Drains
B=d| COST ANALYSIS
1.1 Cost of works as per attached estimate sheets = $111,123 (a)
$111,123 (a) x 0.91 = $101,122 (b}
1.2 Estimated PV of maintenance costs in year 1 = $1,000 (c)
1.3 Estimated PV of maintenance costs in years 2 to 25
following completion of works
= $1,000 x 857 = $8,570 (d)
(b) + (c) + (d)=TOTAL B $110,692

Describe how the option will improve site stability:

Elevated porewater pressure is the principal driver for the failure at this site.
Therefore the provision of positive subsurface drainage improves the long-term
stability. Drainage of multilevel failure planes is achieved through the provision of

.deep vertical graded gravel columns. The grading of the gravel columns controls

migration of fine soil particles and thereby ensures long-term, maintenance free site:

stabilisation. !
!
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Simplified Procedures

SITE STABILISATION OPTION: Counterfort Drains
COST ANALYSIS

1.1 Cost of works as per attached estimate sheets = $243,084
$243,084 (a) x 0.91 = $221,206
1.2 Estimated PV of maintenance costs in year 1 = $1,000

1.3 Estimated PV of maintenance costs in years 2 to 25
following completion of works

$1,000 x 8.57 = $8,570

(b) + (c) + (d)=TOTAL B $230,776

2. Describe how the option-will improve site stability:

Elevated porewater pressure is the principal driver for the failure at this site.
‘Therefore the provision of positive subsurface drainage improves the site stability.
‘However, the construction of Counterfort Drains with trenches greater than 4m deep
iis difficult. The cost of this option is therefore prohibitive when applied {o deep-
iseated failures.

|
|
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Simplified Procedures

SITE STABILISATION OPTION: Spider Drains
COST ANALYSIS

1.1 Cost of works as per attached estimate sheets

$101,910 (a)

$101,910 (a) x 0.91 = $92,738 (b)
1.2 Estimated PV of maintenance costs in year 1 = $3,500 {c)
1.3 Estimated PV of maintenance costs in years 2 to 25
following completion of works
= $3,500 ‘X 8.57 = $29,995 {d)
(by + (c) + (d)=TOTAL B $126,233

2. Describe how the option will improve site stability:

"The option consists of drilling and installing sub horizontal pipes to provide drainage
to the failure planes. Interception of failure plane is never certain. This is reflected
in the lack of effectiveness of Spider Drains at many sites. The consequence of this
is the high cost of engoing maintenance, monitoring, and additional reinstatement at
ithese sites.

'
k

|
|
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Simplified Procedures

SITE STABILISATION OPTION: Pile Retaining Wall
COST ANALYSIS

1.1

1.2

1.3

Cost of works as per attached estimate sheets

$250,047

$250,047 (a) x 0.91

$227,543

Estimated PV of maintenance costs in year 1 = $0

Estimated PV of maintenance costs in years 2 to 25
following completion ¢f works

= $0 x 8.57 = $0

(a)

(b)

(c)

(d)

(b) + (c) + (d)=TOTAL B $227,543

Describe how the option will improve site stability:

‘The option consists of the construction of a bored pile wall to stabilise the site. The,
retaining wall requires minimal maintenance over a long period of time. :
iConstruction is expensive, necessitates disruption of the highway, and the visual
‘impact of the structure on the environment is evident.

;
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Appendix J

External Peer Review Auckland UniServices Limited

4 June 2001

Auckland 1 New Zealand
PO Box 33 216 Visitars' address:
Takapuna. UniServices House

58 Symonds Street.

Attention Mr V, Jairaj Phone: + 64-9-37 37 522

Fax: + 64-9-37 37 412

Dear Mr Jairaj,
Snake Hill Underslip: Peer Review Report

As requested, I have read your report on the remedial and monitoring work carried out to stabiljse the
above slip, and am herewith forwarding my comments. These comments are based on the information
in the report as well as discussions with yourself and our site visit together last year.

1. My general agreement and support for your initial proposal of deep bored drains as a stabilising
measure was expressed in a letter to you (then Manukau Consultants) dated 8 June, 1999; I am
pleased that you have been able to have the concept implemented on several sites, including
Snake Hill.

2. The installation of the drainage measures and the accompanying monitoring measures appear to
have been carried out in a workmanlike manner.

3. The performance of the slip since the measures were installed, and the monitoring information so
far gained, appear to confirm that the measures have been effective. The water table appears to
have been drawn down to a depth approximately the same as the base of the vertical drains as
intended. However, it is barely a year since the work was done; this is a relatively short period
from which to draw firm conclusions, so conclusions should be regarded as tentative at this stage.

4. Inote the implied increase in safety factor from about unity to 1.6 on the basis of slip circle
stability calculations. I understand the basis for this is an assumed initial water table depth fairly
close to the ground surface. While this is reasonable, it was not firmly established by monitoring
prior to the installation of the drainage measures, so the increase in safety factor could be
somewhat optimistic. T

5. Tam in general agreement with your monitoring proposals, but [ think that allowance should be
made for additional monitoring following any periods of particularly heavy and prolonged
rainfall. This would be in addition to the monitoring at regular intervals proposed in your report.

I understand that for several reasons it was not possible to install piezometers at this site prior to the
installation of the drainage measures, and thus obtain firm data on the initial groundwater conditions.
As indicated above, this is something of a disadvantage in evaluating the effectiveness of the drains.
However, I understand also that there are other sites that you are involved in where you have been
able to obtain such information. This should be particularly valuable in providing a firmer picture of
the performance of the drains.

Yours sincerely,

7@&‘1@0 /‘ﬁ*’({ 7

Laurie Wesley

Senior lecturer in geotechnical engineering. 5









Job No:  22/1003 BH
Project: Snake Hill RP 144/11.34 - SH1 LOG OF BOREHO!;hE 1. of 21
Borehole Location: SAMPLE F]ELD T.E‘E.;TS
Surface Elevation: Datum: - DATA
i s
Surface Conditions: = - | @ 5
‘ ) E e £ =
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§ Soll/ Rock Deseription 5 ] as £ =8 e E E &
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Basecourse
SILT, slightly clayey, stiff, wet, slightly to moderately 1 159728
plastic, intermixed light grey, orange, brown.
- Frequent weakly cemented clasts (1-2mmd)
B _Cla-fé-y,_f-i-rrﬁ: saturated, highly plastic, light grey, orange
B 2
-
|
r + Ocecasional clayey SILT lenses

3
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" “Ciayey, firm, wet, highly plastic, grey, brown 3 4314 N
1
1
N=2

CLAY, soft, saturated, highly plastic, grey, brown, cccasional
partly decomposed organic matter and gravel (fine)
= 4
46/18

SILT, slightly clayey, stiff, wet, slightly plastic, grey, brown

200mm CLAY lense, saturated, highly plastic, greenish grey

5 AANE

Date Startd o R HA L DRILLWELL EXPLORATION

Driller - o N.Z. LIMITED

Type of Rig .}
Shear Vane No. .2R.1742 - Ph : (09)2679100 Fax : (09)2678100
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Simplified Procedures

SITE STABILISATION OPTION: Column Drains

COST ANALYSIS
1.1 Cost of works as per attached estimate sheets = $111,123 (a)
$111,123 (a) x 0.91 = $101,122 (b}
1.2 Estimated PV of maintenance costs in year 1 = $1,000 (c)
1.3 Estimated PV of maintenance costs in years 2 to 25
following completion of works
= $1,000 X 8.57 = $8,570 (d)
(b) + (c) + (d)=TOTAL B $110,692

Describe how the option will improve site stability:

Elevated porewater pressure is the principal driver for the failure at this site.
Therefore the provision of positive subsurface drainage improves the long-term
stability. Drainage of muliilevel failure planes is achieved through the provision of
.deep vertical graded gravel columns. The grading of the gravel columns controls

stabilisation.

migration of fine soil particles and thereby ensures long-term, maintenance free site

!

E
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Simplified Procedures

|~ SITE STABILISATION OPTION: Counterfort Drains

GHD

gl COST ANALYSIS

1.1 Cost of works as per attached estimate sheets = $243,084 (a)
$243,084 (a) x 0.91 = $221,206 (b)
1.2 Estimated PV of maintenance costs in year 1 = $1,000 (©)
1.3 Estimated PV of maintenance costs in years 2 to 25
following completion of works
= $1,000 x 8.57 = $8,570 (d)
() + (c) + (d)=TOTAL B $230,776

2.

Describe how the option will improve site stability:

'Elevated poreWater pressure is the principal driver for the failure at this site.

‘Therefore the provision of positive subsurface drainage improves the site stability.

EHowever, the construction of Counterfort Drains with trenches greater than 4m deep

lis difficult. The cost of this option is therefore prohibitive when applied to deep-
seated failures.

!
H
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Simplified Procedures

'The option consists of drilling and installing sub horizontal pipes to provide drainage
‘to the failure planes. Interception of failure plane is never certain. This is reflected
lin the tack of effectiveness of Spider Drains at many sites. The consequence of this
:is the high cost of ongoing maintenance, monitoring, and additional reinstatement at
ithese sites.

51

|el?1 SITE STABILISATION OPTION: Spider Drains
12)
et| COST ANALYSIS
1.1 Cost of works as per attached estimate sheets = $101,910 (a)
$101,910 (a) x 0.91 = $92,738 (b)
1.2 Estimated PV of maintenance costs in year 1 = $3,500 (c)
1.3 Estimated PV of maintenance costs in years 2 to 25
following completion of works
= $3,500 X 8.57 = $29,995 (d)
(b) + (c) + (d)=TOTAL B $126,233
2. Describe how the option will improve site stability:




Simplified Procedures

SITE STABILISATION OPTION: Pile Retaining Wail

11

1.2

1.3

COST ANALYSIS
Cost of works as per attached estimate sheets = $250,047
$250,047 (a) x 0.91 = $227,543
Estimated PV of maintenance costs in year 1 = $0
Estimated PV of maintenance costs in years 2 10 25
following completion of works
= $0 x 8.57 = $0

(a)

(b)

(c)

(d)

(b) + (c) + (d)=TOTAL B $227,543

Describe how the option will improve site stability:

. The option consists of the construction of a bored pile wall to stabilise the site. The

retamlng wall requires minimal maintenance over a long period of time.
\Construction is expensive, necessitates disruption of the highway, and the visual
impact of the structure on the environment is evident.
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Appendix J

External Peer Review Auckland UniServices Limited

4 June 2001
GHD Limited Private BBQ 8720119

. Auckland 1 New Zealand
PO Box 33216 Visitors' address:
Takapuna. UniServices House

58 Symonds Street,

Attention Mr V. Jairaj Phone: +64-9-37 37 522

Fax: + 64-9-37 37 412

Dear Mr Jairaj,
Snake Hill Underslip: Peer Review Report

As requested, I have read your report on the remedial and monitoring work carried out to stabilise the
above slip, and am herewith forwarding my comments. These comments are based on the information
in the report as well as discussions with yourself and our site visit together last year.

1. My general agreement and support for your initial proposal of deep bored drains as a stabilising
measure was expressed in a letter to you (then Manukau Consultants) dated 8 June, 1999; I am
pleased that you have been able to have the concept implemented on several sites, including
Snake Hill.

2. The installation of the drainage measures and the accompanying monitoring measures appear to
have been carried out in a workmanlike manner.

3. The performance of the slip since the measures were installed, and the monitoring information so
far gained, appear to confirm that the measures have been effective. The water table appears to
have been drawn down to a depth approximately the same as the base of the vertical drains as
intended. However, it is barely a year since the work was done; this is a relatively short period
from which to draw firm conclusions, so conclusions should be regarded as tentative at this stage.

4. Inote the implied increase in safety factor from about unity to 1.6 on the basis of slip circle
stability calculations. I understand the basis for this is an assumed initial water table depth fairly
close to the ground surface. While this is reasonable, it was not firmly established by monitoring
prior to the installation of the drainage measures, so the increase in safety factor could be
somewhat optimistic. ;

5. Tam in general agreement with your monitoring proposals, but I think that allowance should be
made for additional monitoring following any periods of particularly heavy and prolonged
rainfall. This would be in addition to the monitoring at regular intervals proposed in your report.

I understand that for several reasons it was not possible to install piezometers at this site prior to the
installation of the drainage measures, and thus obtain firm data on the initial groundwater conditions.
As indicated above, this is something of a disadvantage in evaluating the effectiveness of the drains.
However, I understand also that there are other sites that you are involved in where you have been
able to obtain such information. This should be particularly valuable in providing a firmer picture of
the performance of the drains.

Yours sincerely,

7@50"«% [ "&*’é V}

Laurie Wesley

Senior lecturer in geotechnical engineering. 5






