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6 Material Properties 

6.1 Rock Mass Properties 

6.1.1 Geological Strength Index (GSI) 

The Geological Strength Index (GSI) is commonly used to classify the engineering 

characteristics of fractured rock masses, and is an input parameter to derive the Hoek-

Brown rock mass strength, as discussed in Section 6.1.2. 

 

Illustration 3.4  - GSI Characterisation of Greywacke Rock along Transmission Gully 

A 

B 

C 

D 

E 
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Marinos and Hoek (2000)
3
 presented the method of characterising the rock mass using 

GSI with the aid of a chart (see Illustration 3.4) based- on: 

� geological structure (intact to laminated / sheared), 

� surface condition of defects (very good to very poor). 

The classification gives GSI values for rock masses ranging from 0 to100. 

Read et al (2000)
4
 considered the application of this chart to classify New Zealand 

Greywacke rock masses, and presented annotations to the chart to facilitate 

consideration.  They also propose five classes (Class I to V) of rock classified according to 

the range of GSI values, based on unweathered greywacke rock. 

A classification scheme to characterise the greywacke rock mass at the TG site has been 

developed to enable the derivation of rock mass strengths. This classification is based on 

the observed properties of the rock core from boreholes along the route.   

Table 3.2  - Geological Strength Index Characterisation of Rocks along TG 

GSI Class Rock Mass Structure Defect Surface Conditions Typical GSI Range 

A 

Very Blocky 

Rough to smooth, unweathered to 

slightly weathered surfaces 

45 – 55 

(50) 
Slightly Fractured 

typically 200-400 mm defect spacing 

B 

Blocky / Disturbed 

Rough to smooth, slightly – 

moderately weathered surfaces 

35 – 40 

(37.5) 

Moderately Fractured 

Typically 60 to 200 mm defect spacing, joints 

typically closed 

C 

Disturbed - Disintegrated 

Smooth, moderately weathered 

surfaces 

30 – 35 

(32.5) 

Highly Fractured 

Typically intact but locally fragmented, typically 

40 – 60 mm defect spacing; 

D 

Disintegrated 
Smooth to polished, moderately to 

highly weathered surfaces, may 

have coatings/infillings of silt or 

angular fragments 

20 – 30 

(25) 

Shattered 

poorly interlocked with angular rock fragments, 

typically 10 to 40 mm defect spacing 

E 

Laminated / Sheared Polished or highly weathered 

surfaces, with silt or clay infillings / 

coatings eg. crushed /  gouge 

zones 

5 – 15 

(10) 
Crushed / Sheared 

Typically defects spaced less than 20 mm 

Notes: Slightly modified from Marinos and Hoek (2000)
6
 and Read et al (2000)

7
 



Technical Report No.3 

Geotechnical Engineering Report 

 

 

5C1591.20     

 July 2011 - Final 18 

Rock encountered along Transmission Gully has been characterised into five “classes”, in 

terms of representative rock fracturing and defect conditions based on the Geological 

Strength Index (GSI) procedure (Marinos and Hoek, 2000)
6
. 

Some adjustment has been made to the GSI for weathered rocks, this is predominantly to 

reflect the weathering along defects resulting in a poorer defect surface condition. 

While, weathered rocks generally have a lower compressive strength, this is not taken into 

account in GSI.  Rock strength is a separate input to the derivation of rock mass strength 

as discussed in Section 6.1.2. 

6.1.2 Rock Mass Strength Properties 

The Hoek-Brown failure criterion (Hoek, 1994)
5
 provides for the estimation of the rock 

mass properties on jointed rock masses, with a curved failure envelope, that is, variation 

of the shear strength with the normal stress level.  Rock mass strength properties for the 

various GSI classes of rock has been derived based on the Hoek-Brown failure criterion 

(Hoek, 1994)
11

.  These strengths can be used to analyse the rock as a homogeneous 

jointed rock mass, with failure through the jointed rock mass. 

6.1.3 Dominant Rock Defects 

In addition to the strength of the rock mass, the properties of the rock will also be 

influenced by the presence of rock defects.  The generally closely to very closely jointed 

nature of the rock mass, and the presence of generally non-persistent joints in Wellington 

Greywacke, can be characterised by the rock mass strength from the Hoek-Brown 

approach. 

However, persistent defects cannot be characterised by the Hoek-Brown approach.  

Wellington Greywacke does have widespread persistent rock defects such as faults, shear 

zones and crush zones, which need to be considered in the characterisation of the 

Wellington Greywacke rocks. 

The shear surfaces generally have an infill or coating of silt or clay, and no tests have 

been carried out on these materials to date.  A preliminary value of effective angle of 

internal friction of the order of 20° may be appropriate, and testing of these materials in a 

direct shear apparatus or ring shear test apparatus should be considered in the next stage 

of geotechnical investigations to verify this. 

6.2 Soil Properties 

Laboratory tests were carried out on soil samples recovered from boreholes and trial pits, 

and included soil classification tests, soil strength tests and soil compaction tests.  The 

results of the tests are presented by Opus (2008b) and summarised by Opus (2008c). 

The soil samples included colluvium from Sectors 3 and 4, Pre-Holocene alluvium from 

Sectors 5 and 6, and weathered greywacke, colluvium and alluvium from Sectors 8 and 9. 
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6.2.1 Soil Classification 

The soil classification tests results are plotted on the Casagrande Chart to show the 

distribution of the soils relative to the A-line, and are shown on Illustration 3.5. 

Illustration 3.5  - Classification of Soils from Transmission Gully 

The chart shows that the majority of the soils recovered and tested from the Transmission 

Gully corridor are of low to medium plasticity and fall close to the A-line. 

6.2.2 Strength Tests 

Consolidated undrained triaxial compression tests were carried out on samples of in situ 

Pre-Holocene alluvium, alluvium, colluvium and completely weathered rock.  Much of the 

samples were from trial pits and hence only represent the upper few metres of soils, which 

is appropriate for the colluvium, thin alluvium and completely weathered rock.   

Consolidated undrained triaxial tests on samples taken from soils recompacted at optimum 

moisture content on a variety of soils gave low c’ values of 0 kPa to 8 kPa and ø’ values of 

29° to 38°, with the ø’ values greater than 33° being in the sandy gravel materials from 

either colluvium or weathered greywacke rock.   

This indicates that the bulk of the compacted embankments in Sectors 5 and 6 with clayey 

or sandy silt Pre-Holocene alluvium will have ø’ values of 29° to 33°.  It should be noted 
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that all these results on recompacted soils were on samples from the upper 3 m of soil 

encountered in trial pits. 

6.2.3 Compaction Tests 

Compaction tests were carried out to the New Zealand Standard Compaction and New 

Zealand Heavy Compaction standards (Standards New Zealand, 1986)
6
.  The plot shows 

the natural moisture content, as well as the optimum moisture content from standard and 

heavy compaction tests. 

The results show that the soils are generally wet of optimum, and are significantly so in 

Sector 6, where significant thicknesses of Pre-Holocene alluvium are present. 

The compaction tests indicate bulk densities of 1.9 t / m
3
 to 2.2 t / m

3
.  

Illustration 3.6  - Soil Compaction Test Results 
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7 Hazards 

7.1 Geological Hazards along the Route 

The regional geological hazards and the hazards along the route are presented in the 

preliminary geotechnical appraisal (Opus, 2007)
1
. 

The primary hazards along the route are: 

� Slope Instability 

� Debris Floods and Flows 

� Earthquakes and Ground Shaking 

� Fault Rupture 

� Earthquake Induced Landslides 

� Liquefaction 

� Tsunami 

These hazards are briefly discussed below. 

7.2 Slope Instability 

The natural slopes along the Transmission Gully corridor are typically 25° to 40°, with only 

a few instances of major slope instability.  The main areas of slope instability are: 

(a) Large (50,000 m
2
) prehistoric landslide at the northeastern end of the Te Puka 

Terrace, immediately south of SH 1 at Paekakariki.  This is considered to have been 

triggered by a movement on the Ohariu Fault, and is now inactive.  It is unlikely to 

affect the Transmission Gully route, provided it is not destabilised by construction 

activities.  The Preferred Alignment (1B) runs along the toe of the landslide on a fill, 

and hence buttresses the landslide, and would improve its stability. 

(b) A large landslide on the eastern flank of Te Puka Stream valley, at about Station 

4,600 m to 5,000 m, south of Wainui Saddle. Some 18 m of landslide debris was 

encountered in borehole BH 18 near the toe of the landslide.  The In-Designation 

Alignment (1A) crosses this landslide on a viaduct. 

(c) Suspected rock slides on fault facets on the west side of Te Puka Stream. 

(d) Small landslides in Pre-Holocene alluvium are present along Sector 6 and 8, with 

numerous shallow instabilities in Sector 8. 
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7.3 Debris Floods and Flows 

Debris flows associated with the October 2003 storm event affected State Highway 1 at 

Paekakariki, as discussed in the preliminary geotechnical appraisal (Opus, 2007)
1
.  A 

number of subsequent events in 2003-2006 also affected SH 1.  The October 2003 event 

also caused debris flows in tributary gullies on the western flank of Te Puka Stream valley. 

There is a hazard of debris flows affecting the Transmission Gully route along the Te Puka 

Stream and Horokiri Stream valleys, and this hazard needs to be taken into consideration 

in the design of the highway. 

7.4 Earthquakes and Ground Shaking 

The Wellington Region is in an area of high seismicity in New Zealand.  Earthquakes and 

associated strong ground shaking can therefore be expected in the Region, including the 

Transmission Gully route. The expected levels of ground shaking is summarised in the 

preliminary geotechnical appraisal report (Opus, 2007)
1
.  The extent of ground shaking 

has been further considered as part of this study, and is summarised in Section 8. 

7.5 Fault Rupture 

The Transmission Gully route crosses two active faults, the Ohariu Fault and the 

Moonshine Fault.  An active splinter probably associated with the with the active Ohariu 

Fault (referred to in this report as the Active Splinter of the Ohariu Fault) was discovered 

during the geotechnical investigations undertaken as part of this study, and runs along the 

western side of Horokiri Stream, to the south of Wainui Saddle. These faults have been 

further investigated as part of this study, and the hazards are summarised in Table 3.3. 

Table 3.3  - Fault Rupture Hazard 

Active Fault 

 

Recurrence 

Interval 
Fault Rupture Hazard  

Ohariu Fault 1,500 – 2,200 yrs 

� TG route is close to the fault between SH 1 at Paekakariki and Wainui Saddle 

area.  The alignments cross the fault with a fault rupture hazard to the 

highway. Section 9.3.4 provides recommendations for management of the 

hazard associated with the crossing and route security concerns. 

Active Splinter 

of the Ohariu 

Fault (south of 

Wainui Saddle) 

2,000 yrs ? 

� This newly discovered fault also poses a fault rupture hazard where it 
straddles the TG corridor south of Wainui Saddle.  Section 9.3.4 provides 

recommendations for management of the hazard associated with the crossing 

and route security concerns. Advice has been provided to adjust the 

alignment to minimise hazard.  

Moonshine 

Fault 
> 11,000 yrs 

� Investigations indicate that this fault is represented by a wide fault zone in the 
southern part of the Duck Creek area. Given the recurrence interval of more 

than 11,000 years, it presents a low risk to the Transmission Gully route. 
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7.6 Earthquake Induced Landslides 

Earthquake induced landslide potential is discussed in detail in the preliminary 

geotechnical appraisal report (Opus, 2007)
1
.  The potential for earthquake induced 

landslides will be influenced by the height and slope of cuttings formed for the 

Transmission Gully project.  This is further discussed in Sections 9.3.4, 12.6 and 18. 

7.7 Liquefaction 

Liquefaction as a consequence of earthquakes could lead to subsidence and lateral 

spreading, which could affect the highway and associated structures. 

The preliminary geotechnical investigations indicate a low hazard along the route, with 

potential hazards mainly at: 

� SH 1 crossing at Paekakariki 

� Kenepuru Link near Porirua Stream 

7.8 Tsunami 

The tsunami hazard is very low along the Transmission Gully route, with little potential for 

damage.  Some seiching in the Pauatahanui Inlet could result in localised flooding of SH 

58 at Pauatahanui, and given that the Transmission Gully embankment across SH 58 will 

be higher than the surrounding area, to allow for a grade separated interchange, the 

seiching is not expected to affect the TG route. 
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8 Seismicity 

8.1 Regional Setting 

The Transmission Gully route is located in the Wellington Region, an area of high 

seismicity in New Zealand.  There are a number of major active faults and the subduction 

zone in the region capable of generating large earthquakes of up to magnitude 8+ on the 

Richter scale. 

8.2 Active Faults 

There are a number of major active faults in the region, which are listed by GNS (2008)
18

.  

This includes the major faults identified in Table 3.4. 

Table 3.4  - Active Fault Earthquake Sources 

Fault 
ID 

Fault Source Segment Magnitude  
Recurrence 
Interval  

Distance from 
Transmission Gully  

   (Richter) (years) (km) 

11 - 13 Subduction Zone  7.8 – 8.4 420 – 1,200 22 - 31 

1 

Wellington Fault 

Wellington- Hutt Valley 7.6 700 6 - 16 

10 Tararua east 7.3 650 20 - 32 

2 Wairarapa  8.1 1,000 21 - 27 

5 

Ohariu Fault 

Central 7.4 1,800 0 – 4.4 

6 South 7.4 2,300 1.5 - 19 

9 Wairau Fault Offshore 7.5 1,900 14 - 21 

7 
Pukerua – Shepherds 

Gully Fault 
 7.4 3,450 4.9 - 8 

3 Akatarawa Fault Moonshine - Otaki 7.4 5,150 10 - 17 

4 Moonshine Fault  7.1 11,150 0.1 - 11 

Note: After GNS (2008)
18

. 

The location of these faults in relation to the TG route is shown in Illustration 3.7 , and the 

distances are summarised in Table 3.4.  The route straddles and crosses the active 

Ohariu Fault (Central Segment) between Wainui Saddle and the intersection of the route 

with SH 1 near Paekakariki, in Sector 3. The route also crosses the Moonshine Fault zone 

in the Duck Creek area in Sector 8. 
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Illustration 3.7  - Active Fault Sources in relation to Transmission Gully Route 
After GNS (2008)

18
 

8.3 Ground Shaking 

The high seismicity and the active faults present in the region can give rise to significant 

levels of ground shaking along the Transmission Gully route. 

The regional ground shaking hazard maps published in the early 1990’s indicated ground 

shaking along the route of Modified Mercalli Intensity (MMI) of MM VIII to IX along the 

route, with expected peak ground accelerations of 0.3g to 0.6g in a Wellington Fault 

(Wellington to Hutt Valley) segment event (Wellington Regional Council, 1992)
7
. 

The earthquake loadings code NZS 1170.5 : 2005 (Standards New Zealand, 2005)
8
 

provides the peak ground accelerations summarised in Table 3.5 for the return periods for 

design recommended by the Bridge Manual. 
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The Bridge Manual (Transit New Zealand, 2003)
9
 requires that a site specific seismicity 

study be undertaken for highway structures of value exceeding $ 1.1 Million on highways 

of importance category 1, and within 10 km of active faults with a recurrence interval less 

than 1000 years.  The provisional amendment to the Bridge Manual (December 2004) 

currently in force does not allow the seismic loads to be reduced from that given in NZS 

1170.5 based on site specific seismicity studies.  It should be noted that further 

amendments being considered could allow a reduction of up to 30%. 

Table 3.5  - Peak Ground Accelerations from NZS 1170.5 

Return Period 

(Years) 

Peak Ground Acceleration                              

Applicable to Design for  

Site Class ‘B’ Site Class ‘C’ 

475 0.36g 0.48g 
� Lower importance structures not 

affecting security of route. 

1,000 0.47g 0.62g � Embankments and Cuttings 

1,500 0.54g 0.72g � Free-standing retaining walls 

2,500 0.65g 0.86g 
� Retaining Walls associated with 

Bridges 

 

A site specific seismicity study has been undertaken for the Transmission Gully route by 

GNS Science (2008)
10

.  The peak ground accelerations from the site specific seismicity 

study are summarised in Table 3.6. 

Table 3.6  - Peak Ground Accelerations from Site Specific Seismicity Study 

Return Period                                 
(years) 

Peak Ground Accelerations 

Site Class B Site Class C 

500 0.35g - 0.39g 0.47g - 0.54g 

1,000 0.45g - 0.52g 0.47g - 0.71g 

2,500 0.59g - 0.69g 0.78g - 0.94g 

Note: After GNS (2008)
18

. 

Spectral accelerations and spectra have also been derived and presented in the seismicity 

report (GNS, 2008)
20

. 

The peak ground accelerations from the site specific seismicity study summarised in Table 

3.6 show that the peak ground accelerations are of a similar order to that given in NZS 

1170.5, with a range of values below and above. The ground shaking at the southern end 

of the route is higher, given the proximity (6 km to 8 km) to the active Wellington Fault 
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(recurrence interval of about 600 years), which dominates the seismicity of the Wellington 

Region.  Such a variation is not uncommon, as NZS 1170.5 gives typical values for each 

city and region. The Bridge Manual together with the current provisional amendment 

requires that the results from the site specific seismicity be used for important and high 

value structures for the Transmission Gully route, rather than those from the NZS 1170.5, 

provided that the values are not reduced.  
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9 Design Philosophy 

9.1 Route Security 

9.1.1 Context 

NZTA has a responsibility to proactively manage the risks to its lifeline state highway 

networks from natural hazards.   

The Civil Defence Emergency Management Act 2002 identifies roads as a key lifeline 

utility, and requires operators to be able to demonstrate that they have assessed the risks 

to networks, and taken proactive measures to ensure that the lifelines (roads) are able to 

function to the fullest extent possible after natural hazard and other events (Ministry of 

Civil Defence Emergency Management, 2002)
11

.  

9.2 Existing State Highway Vulnerabilities 

It is generally recognised that Wellington City will be cut off from the rest of New Zealand 

due to disruption of land access after a large earthquake and perhaps large storm event, 

as both the existing State Highway 1 and State Highway 2 routes and railway routes are 

vulnerable and are likely to be closed for many weeks (Opus, 2008c)
12

. One of the major 

concerns is that this transport disruption would seriously impair the ability of Wellington to 

recover after a major earthquake. 

Major Vulnerabilities on State Highway 2 to the East are the Hutt Road and the Rimutaka 

Hill Road section, which are very difficult to mitigate. 

The major areas of vulnerability of State Highway 1, north of Wellington are: 

(a) Pukerua Bay to Paekakariki Station section, closed by major landslides in large 

earthquake event.  

(b) Porirua to Paramata Bridge section, liquefaction induced lateral spreading towards 

Porirua Harbour, and damage to Paramata Bridge in Ohariu Fault rupture event 

(c) Ngauranga Gorge, particularly landslides along the Johnsonville bypass section 

(though there are alternatives via local roads) 

Mitigating the risk from large earthquakes is very difficult in the current highway corridors, 

given the potential for large landslides and fault ruptures that would close the road.  These 

are extremely difficult and impossible to mitigate. 

Porirua City Council and the Wellington Lifelines Group made submissions when the 

Western Corridor project was being considered, highlighting the need for improved route 

security and for this to be considered as part of development of the upgrade to the 

northern access into Wellington. 
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9.3 The Transmission Gully Opportunity 

9.3.1 Introduction 

Development of a new alternative route such as the Transmission Gully presents a unique 

opportunity to substantially improve route security for New Zealand’s regional and national 

road network, and this is one of Transit’s key objectives for the route. It has been 

important to consider the route security philosophy in the development of the 

Transmission Gully route and concepts. It is at the early stages of selection of the route, 

concepts and road form, that route security considerations can achieve the greatest 

improvements. 

Transmission Gully provides the opportunity to bypass the major hazards (a) and (b) 

above, and (c) is offset by the presence of local roads.  Thus Transmission Gully has the 

opportunity to substantially improve the route security from and to Wellington via State 

Highway 1 from the North. 

9.3.2 Natural Hazards affecting the TG Corridor 

The key natural hazards affecting the TG corridor are: 

(a) Earthquakes 

� fault rupture (Ohariu Fault, Moonshine Fault and the newly discovered Active 

Spilnter of  the Ohariu Fault) 

� ground shaking 

� slope failures 

� liquefaction 

(b) Storms 

� slope failures 

� debris flows 

� flooding 

(c) Non-natural hazards involving accidents, perhaps involving hazardous materials could 

also pose short duration hazards. 

The effects on the highway can be classified in terms of the performance, using resilience 

states that define the three dimensions of resilience (after Brabhaharan, 2006)
13

: 

(a) Damage state 

(b) Availability state (degree of access) – eg single lane access / full closure 

(c) Outage (duration of impairment of access) – eg up to 12 hours / up to 3 days / weeks 
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9.3.3 Route Security Philosophy 

The following route security philosophy has been adopted for the Transmission Gully 

route: 

(a) Highway is open for full access with minimum structural damage in small hazard 

events with a short return period 

(b) Highway suffers limited repairable damage in moderate hazard events, with continued 

limited access, or highway reopens after a short period of closure, say 12 hours to 

3 days
*
 

(c) Highway suffers major damage, but does not collapse, in large, long return period 

events, and limited access can be restored within a reasonable period (say 3 days to 

2 weeks
†
). 

Such an approach would provide a relatively high degree of security to the route as 

discussed in Section 9.3.1. 

9.3.4 Management of the Major Natural Hazards 

The impact of major natural hazards on the Transmission Gully highway can be managed 

to achieve the defined level of route security through the selection of an appropriate route 

alignment, road form concepts and design parameters. 

While avoiding active faults would provide a higher level of route security, it is generally 

recognised that these are features that cannot be avoided by lifeline facilities which run 

over many kilometres and are part of a network (as opposed to buildings that can be sited 

to avoid active faults). 

Earthquake Fault Rupture 

The TG route crosses two active faults: 

(a) Ohariu Fault, recurrence Interval 2,200 years, movement 3 m to 5 m horizontal, and 

smaller vertical, and the Active Splinter of the Ohariu Fault, south of Wainui Saddle 

(b) Moonshine Fault, Recurrence Interval > 11,000 years 

The Moonshine Fault has a very long recurrence interval, and hence a very low probability 

of rupture.  The location, width of fault zone, characteristics and form of the fault is also 

                                                
*
 The emergency management sector operates on the premise that people should be self reliant for 3 days after major 

events and after that help would be available. 
†
 After 2 weeks, recovery phase will be severely impacted upon by lack of access after the immediate response phase 

after a major event. 
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poorly defined.  It is therefore of lesser importance to the selection of the TG route and 

conceptual designs.  

The active Ohariu Fault has a recurrence interval of 2,200 years and therefore is a large, 

moderate return period event.   

The following approach has been adopted: 

(a) Minimise number of crossings of the active Ohariu Fault and associated splinter faults. 

(b) Cross the fault in order of preference on: 

� Embankments, where the 3 m to 5 m movement can be readily (within days) 

modified to reinstate access after a rupture event (provide greater embankment 

width if necessary); or 

� Cuttings, where it is not possible to cross on embankments, with the 

understanding that fault rupture would lead to large landslides at the crossing and 

would take longer to restore access (days to few weeks) and more costly to 

reinstate. 

(c) Avoid crossing the fault on a bridge or viaduct structure, if possible, where 3 m to 5 m 

displacements would cause extensive damage, would be costly to reinstate, and take 

many weeks to provide temporary access (Bailey bridge) and many months to years 

to restore. 

(d) Avoid crossing the Ohariu Fault in a tunnel, if possible, as fault rupture is likely to 

cause collapse of part of the tunnel and mis-alignment with a much higher potential 

for many deaths depending on the time of the earthquake rupture.  The tunnel would 

be very costly and take many months to years to reinstate. 

In the case of the Transmission Gully route, it is feasible to cross the active Ohariu Fault 

on an embankment, or in a cutting, which would enable an acceptable level of route 

security to be achieved. 

Earthquake induced Landslides 

Moderate to large earthquakes lead to slope failures in steep to very steep slopes, 

including cuttings which generally are steeper than the natural hillside slopes. 

An appropriate strategy should be to: 

(a) Avoid high steep cut slopes that would generate large amount of slope failure 

materials that would take many weeks to clear.  Keep slope angles moderate, for 

example to approximately 45° or flatter in Wellington Greywacke bedrock for high 

slopes greater than 10 m to 15 m high. 

(b) Avoid high moderately steep (45° to 60°) cuttings through fault disturbed rock. 

(c) Provide intermediate benches and berms at the foot of cuttings to trap rock fall and 

small slips in small to moderate events. 
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(d) Avoid locating vulnerable highway structures such as bridges and viaducts alongside 

or at the base of steep slopes and cuttings, where landslides generated can destroy 

or severely damage the structures. 

Earthquake Liquefaction  

The site investigations to date indicate the risk of liquefaction to be generally low, except 

in areas north of SH 1 at Paekakariki (Sector 1) and at the Kenepuru Link (Sector 9), 

where ground improvement would be considered to protect structures from liquefaction 

induced ground damage and embankment or foundation failure. 

Earthquake Shaking 

Appropriate earthquake design should be used to mitigate effects of ground shaking, by: 

(a) Structures would be designed to the NZTA Bridge Manual requirements. 

(b) Retaining Walls (free-standing) would be designed to allow limited displacement in 

large earthquakes, using a displacement based design approach. 

(c) Embankments would be designed to allow controlled displacement in large 

earthquakes, using a displacement based design approach, but avoid failure. 

(d) Cut slopes in soil would be designed to allow displacement in large earthquakes. 

The acceptance of limited displacement would allow emergency access after major events 

and would not compromise the security of the route, although there may be some damage 

requiring levelling and reinstatement of the road surface. 

Storm Induced Landslides 

Manage the effect of storm induced slope failures, through: 

(a) flatter cut slopes in overburden or completely weathered rock; 

(b) drainage 

(c) benches and debris collection berms. 

(a) accept small failures. 

Debris Flow in Storm Events 

Debris control systems should be provided in catchments and debris channels and 

adequate large concrete box culvert structures would be provided to pass debris under the 

highway, where there is potential for debris flow.   

There are potential debris flow hazards in the Te Puka and Horokiri catchments (Sectors 3 

and 4) in particular.  It should be noted that debris flow closed State Highway 1 at 

Paekakariki in October 2003 and twice in subsequent years (Opus, 2007)
1
. 
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9.4 Geotechnical Design Philosophy 

9.4.1 Design Standards 

Geotechnical design would be carried out to accepted standards of geotechnical practice 

and the requirements of the Bridge Manual (Transit New Zealand, 2003)
17

. 

9.4.2 Seismic Loads 

Earthquake design loads would be based on the requirements of the Bridge Manual and 

the results of the site specific seismicity study presented in Section 8. 

9.4.3 Cut and Fill Slopes 

The cut and fill slopes would be designed for: 

(a) normal static conditions 

(b) storm and construction conditions 

(c) earthquake conditions 

9.4.4 Soil Slopes 

Soil slopes would be designed for expected ground and groundwater conditions and 

assessed design strengths of the soils.  Soil slopes would be designed to the factors of 

safety and performance criteria appropriate for design as set out in Table 3.7. 

Table 3.7  - Soil Slope Design Criteria 

Design 

Case 
Conditions Performance or Design Criteria  

1 Normal � Factor of safety > 1.5 

2 Storm and Construction � Factor of safety > 1.25 

3 Earthquake � Factor of safety > 1, or displacement < 300 mm in 1,000 year return period event 

 

This preliminary assessment has considered stability analyses, but given the likely lack of 

certainty over soil strength parameters, consideration has also been given to local 

precedent performance of slopes in the Wellington Region. 
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9.4.5 Rock slopes 

Rock cut slopes in Wellington Greywacke rock should be designed to achieve the factors 

of safety and performance criteria appropriate for design as set out in Table 3.8. 

There are a number of different mechanisms of failure and hazard issues that need to be 

taken into consideration in the design of rock cuttings.   

The design of cut slopes in rock would consider: 

(a) kinematically feasible failures along rock defects 

(b) rock mass slope failures 

(c) rock fall hazards. 

Table 3.8  - Rock Slope Design Criteria 

Design 

Case 
Conditions Performance or Design Criteria  

1 Normal � Factor of safety > 1.5 or precedent cut slope angle. 

2 Storm and Construction 
� Accept some small wedge / block failures in modest storms, and larger slope failures in 

100 year storm, consistent with route security philosophy. 

3 Earthquake 
� Limited failures acceptable in moderate to large earthquakes consistent with route 

security philosophy. 

 

9.4.6 Structures 

Bridge foundations and retaining walls would be designed to the Bridge Manual (Transit 

New Zealand, 2003)
17

. 

The minimum factors of safety required for retaining walls are presented in Table 3.9. 

Table 3.9  - Retaining Wall Design Requirements 

No Mechanism 
Static Factor 
of Safety 

Seismic Factor 
of Safety 

Comments 

1 Sliding � 1.5 � 1.2* 
� Free-standing walls may be designed to undergo a 

displacement of 150 mm in a design seismic event, 

assuming flexible wall, without structural damage 

2 Overturning � 2.0 � 1.5 
� Overturning is not an acceptable mode of failure in a 

seismic event. 

3 
Overall 

Stability 
� 1.5 � 1.25 � Gross stability condition. 
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10 Road Form and Engineering Concepts 

10.1 Road Alignment 

Geotechnical advice has been provided to assist with the development of road alignments 

that take into consideration the route geotechnical conditions, hazards, route security and 

constructability. 

Table 3.10  - General Guidance on Selection of Alignment 

Sector Location Ground  Guidance 

2 
Te Puka Terrace 

� Stn 2,400 m to 2,850 m 

� Gravel alluvial 
terrace 

� Follow terrace on flat terrain with minimum cut into 

eastern hills 

� avoid Ohariu Fault zone, avoid landslide 

3 � Stn 2,850 m to 2,950 m 
� Te Puka 
Stream 

� Cross Te Puka Stream away from Ohariu Fault 

� Good foundation conditions for bridge 

3 
Western Flank 

� Stn 2,950 m to 5,050 m 

� Greywacke  

� low overburden 

� Western flank alignment of flatter, lower overburden 

and better rock (away from Ohariu Fault zone) 

� avoid Ohariu Fault crossing 

� No viaduct or bridges or major stream crossings 

� Avoid landslide (Stn 4,600 m and 5,000 m) (east side) 

� Avoid viaducts or bridges along steep slopes /cuttings. 

� Road on reinforced soil embankment where it is close 

to the Ohariu Fault. 

3 
Cross Ohariu Fault 

� Stn 5,050m to 5,200 m 

� Te Puka 
Stream 

headwaters 

� Cross Ohariu Fault on embankment (most easy and 

quick to reinstate after fault rupture) and maximise 

route security 

� Te Puka stream crossing on embankment upstream of 

sensitive area and confluence of eastern side streams. 

3 

Cross saddle on eastern 

flanks 

� Stn 5,200 m to 6,350 m 

� Greywacke 

� Cross saddle on eastern flank away from Ohariu Fault 

� Maximise chances of better rock away from active 

fault. 

� Take advantage of flatter terrain on eastern flanks 

4 
Western Flank 

� Stn 6,400 m to 7,650 m 

� Greywacke 
with fan 

deposits 

� Alignment on the flatter, low overburden western side 

� Use reinforced soil embankments to avoid large 

cuttings in fault disturbed rock on the western flanks. 

� Away from Horokiri stream on eastern valley floor 

5 

Valley Floor 

Stn 8,800 m to Battle Hill 

South 

� Dense alluvium 
� Alignment on valley floor, crossing the Horokiri Stream 

and Stn 9,800 m and Stn 11,800 m  
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10.2 Road Form 

There are a variety of road forms that have been considered for the highway. Table 3.11 

presents road forms considered to: 

� minimise geotechnical and natural (storm & earthquake) hazards 

� maximise route security 

� reduce costs, and 

� take into consideration environmentally sensitive issues. 

Table 3.11  - Appropriate Road Forms 

Type Description Application Commentary  

1 � High Cuttings 
� Cuttings 

through 

spurs 

� Accept localised high cuttings in short section spurs in preference to extensive 
structures over other sections to reduce cut heights. 

2 
� Reinforced Soil 

Embankments 
� Sidling Fill 

� Use 45° reinforced soil embankments to steepen fills and reduce intrusion into 

streams. 

� This would use surplus fill from cuttings. 

� Can be designed to perform well with some displacement in large earthquakes. 

� Minimises need for rigid anchored walls or half bridges. 

3 
� Reinforced Soil 

walls 

� Sidling 
walls 

� Use vertical reinforced soil walls in preference to concrete walls. 

� This would use surplus fill from cuttings. 

� Can be designed to perform well with some displacement in large earthquakes. 

� Minimises need for rigid anchored walls or half bridges. 

4 

� Spilt grade 
carriageways for 

northbound and 

southbound to 

reduce width of 

road formation 

� Avoid large 
cuttings 

� Large cuttings following the hillside results from the need for large road platform 

and alignment geometry. 

� Locate highway on terraces cut into hillsides or terraces formed on sidling fill / 

reinforced soil embankments or reinforced soil walls. 

� This has the potential to reduce the height of cuttings, which can be steeper and 
reduces earthworks quantities; reduce earthworks footprint, and cost. 

� Provides a solution that fits better with the terrain. 

5 

� Open box cuts 
with shallow 

slopes 

� Saddle 

� Form open box cut through the eastern side of saddle to cater for the very poor 

fault deformed bedrock, which has the potential to: 

• Reduce depth of cut. 

• Avoid high costs of steeper supported cuts or cut and cover tunnel 

6 Rock Fall Protection � Cut slopes 

� Use 3 m wide benches in cut slopes at 10 m height intervals to slow rock fall 

and provide collection areas. 

� Use narrow rock fall collection ditch (1 m to 2 m wide) with concrete 

(removable) barrier to allow cleaning. 

�  Use cut slopes of 45° for rock rolling rather than bounce. 

� Consider intermediate rock fall barrier fences where slopes higher than  30 m  
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10.3 Geotechnical Enhancements since 2004 Designation 

10.3.1 Overview 

The road form and alignments have been enhanced considering the geotechnical 

engineering and route security issues outlined in Sections 10.1 and 10.2, and the design 

philosophy presented in Section 9.  These enhancements are outlined in this section. 

The enhancements have significantly improved route security, reduced project risks and 

have led to significantly reduced projected construction costs. 

10.3.2 Alignment on Te Puka Terrace : Station 2,000 m to 2,800 m 

The alignment has been moved onto the Te Puka Terrace, which is a flat alluvial gravel 

terrace, and this has: 

(a) Reduced the earthworks necessary, which in the previous 2004 scheme had involved 

large cuttings in the fault zone on the eastern flank of Te Puka Valley. 

(b) Avoided the large pre-historic landslide at the entrance to Te Puka Valley, and the 

proposed embankment buttresses the pre-historic landslide. 

(c) Avoids affecting a long section of the Te Puka Stream.  A 300 m section of stream 

was proposed to be culverted in the SAR (Opus, 2008d), and this has been avoided in 

the proposed scheme. Only a local crossing of the Te Puka Stream is now required at 

Station 2,800 m. 

10.3.3 Alignment on Western Flanks of Te Puka Valley : Station 2,800 m to 5,000 m 

The alignment has been moved onto the western flank of Te Puka Valley, from the 

eastern flank proposed in the 2004 costed viaduct option.  This change has: 

(a) Reduced the number of crossings of the active Ohariu Fault, from two crossings in the 

2004 Costed Viaduct Option, to one crossing in the current scheme. 

(b) Enabled crossing the Ohariu Fault on an embankment rather than on viaducts.  In the 

event of an Ohariu Fault earthquake event, with the potential for a few metres of 

horizontal and some vertical displacement, an embankment can be quickly reinstated 

by earthmoving machinery, whereas a viaduct would collapse and would take many 

months to years to restore.  This significantly enhances route security and the 

robustness of the route. 

(c) Avoided the risk of instability affecting the route, which is associated with the crossing 

of large landslides at about Station 2,200 m (see Section 10.3.2 above) and at Station 

4,500 m to 4,800 m (the 2004 Costed Viaduct Option had crossed the Station 4,500 m 

to 4,800 m landslide on a viaduct, making it’s piers vulnerable to landslide 

movements). This change in alignment has also enhanced the security of the route, 

improved the robustness of the highway and reduced project risks. 
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15.4 Behaviour in Historical Earthquakes 

There is no precedent information on the earthquake performance of embankment slopes 

in the Wellington Region. There is also no readily available New Zealand evidence of 

failure of well engineered road embankments in earthquakes, except where they are 

constructed on liquefiable soils.  Road embankments on liquefiable soils failed extensively 

through lateral spreading in the 1931 Hawkes Bay Earthquake, see Illustration 3.29.  

 

Illustration 3.29  - Failure of Road Embankments due to Liquefaction in 1931 Hawkes Bay Earthquake 

There are only localised instances of known liquefaction risk along the Transmission Gully 

route at the Paekakariki intersection with SH 1 and possibly at the Kenepuru Link as 

discussed in Section 7.7. 

Bray (2000)
33

 indicates that fill slopes do experience settlement and associated cracking 

during large earthquakes based on experience in the United States.  They also suggest 

that the settlement magnitude was dependent on the materials and standard of 

compaction. The fills studied by Bray were residential fills constructed many years ago, 

and hence the standard of compaction was variable.  

The Transmission Gully project will be constructed to modern day earthworks standards to 

NZTA earthworks specifications, which will provide well compacted embankments.  Any 

settlements are therefore expected to be small (say less than 100 mm) and are 

considered to be acceptable given the route security philosophy proposed for the project. 

15.5 Stability Analyses 

Stability analyses have been carried out assuming 20 m to 40 m high embankment slopes 

formed at 25° slope with 3 m wide berms at 10 m height intervals using the fill materials 

derived from the Pre-Holocene alluvium in Sectors 5 and 6 and completely weathered 
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greywacke, and soil parameters assumed based on the laboratory test results. The 

analyses indicated that the commonly accepted factor of safety of 1.5 would be achieved 

under normal static conditions.  Illustration 3.30 shows the output from a typical slope 

stability analysis undertaken for an embankment fill. 
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Illustration 3.30  - Typical Slope Stability Analysis of Soil Embankment 

Incorporation of drainage blankets at foundation level and sub-soil drains at the interfaces 

between the fill and the hillsides is considered important to ensure that the embankment is 

drained and maintains stability.  Any low strength layers at the base of the fill embankment 

should be undercut and removed and the embankment founded on competent ground. 

Stability analyses have been undertaken using a peudo-static approach to derive the 

critical horizontal acceleration necessary to reduce the factor of safety of the embankment 

slope to unity (1).  Then slope displacements were assessed using the critical 

accelerations and design accelerations, with the aid of charts presented by Ambraseys 

and Srbulov (1995)
31

.  These analyses indicated slope displacements of less than 100 mm 

in a 1000 year return period earthquake event (0.52g peak ground acceleration), and up to 

300 mm in a larger event giving a peak ground acceleration of 0.75g, with an 84 percentile 

level of confidence. Where sandy silt materials are used as fill the displacement could be 

larger in a 0.75g ground shaking representing a 2,500 year return period event.  Such 

limited displacements in large earthquakes are considered to be acceptable. 

15.6 Settlement 

Embankments founded on competent ground, or on foundation levels undercut to 

competent ground are proposed to ensure that settlements are small.   

The soft ground (peat) in the low lying areas at Sector 1 is proposed to be undercut to 

remove peat to competent underlying dense sandy gravel and sand.  If there are some 



Technical Report No.3 

Geotechnical Engineering Report 

 

 

5C1591.20     

 July 2011 - Final 90 

residual peat layers or compressible clay / silt layers at depth, preloading is proposed to 

minimise post-construction settlements to less than 50 mm as discussed in Section 15.7.  

Similarly soft ground may be encountered along Kenepuru Link adjacent to the Porirua 

stream and possibly locally at the Waitangirua and James Cook Drive links that have not 

been fully investigated. Such soft ground can be dealt with in a similar manner. 

15.7 Ground Improvement 

Ground improvement for embankments will generally comprise: 

� Undercut of soft, compressible, organic materials at foundation level. 

� Construction of a minimum 500 mm thick drainage blanket wrapped in geotextile with 

outlet sub-soil drains. 

� Benching into the natural ground interface to remove loose, soft or organic materials, 

and keying in the new embankment fill into competent natural ground. 

� Construction of sub-soil drains along the interface between the natural ground and 

the fill embankment. 

� Construction of drainage layers within the embankment fill, where the fill is fine 

grained soils, and particularly where the fill may be wet of optimum moisture content. 

Additional ground improvement measures may be required where there are significant 

thicknesses of soft compressible layers below foundation level, which cannot be practically 

or economically excavated and removed.  These areas should be preloaded, with wick 

drains to accelerate settlement if necessary, to minimise post-construction settlements. 

Also ground improvement may be required where there is a potential for liquefaction which 

may affect the route security or affect the performance of adjacent structures such as 

bridges and retaining walls.  This would then require ground improvement using measures 

such as stone columns to improvement strength / density of the ground and provide 

drainage in earthquake events.  The need for such ground improvement is localised, for 

example at the intersection between Transmission Gully and the existing SH1 at the 

northern end of the Te Puka Stream valley. 

15.8 Fill Slope Configuration 

Appropriate fill slopes and fill slope configurations are presented in Table 3.17 for the 

various fill materials that are likely to be encountered along the route. 

The fills should have berms at 10 m height intervals.  The presence of the berms will serve 

to reduce the velocity of water flow and minimise erosion and gully erosion on the fill 

surface. The 3 m wide berms should slope outwards to shed rain water rather than 

concentrate it and increase the risk of gully erosion or infiltration of water into the slope 

due to blockage and stagnation.   
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Any surface water from the road surface should be collected and either piped or run down 

lined cascade drains to minimise the potential for embankment erosion. 

15.9 Reinforced Soil Embankments 

15.9.1 Concept and Application 

Reinforced soil embankments (RSE) are proposed to enable the construction of 

embankments with steeper slopes, with the potential to reduce the footprint of the 

embankments and minimise the impact on existing features such as streams. These will 

also provide a robust reinforced embankment at or close to active faults.  In particular, 

these reinforced soil embankments have been adopted in Sectors 3 and 4 to prevent or 

minimise the encroachment of the fills into the Te Puka and Horokiri Streams. 

Reinforced soil embankments with a face slope not exceeding 45° have been chosen 

given their ability to be constructed like normal embankments, but incorporating geogrid 

reinforcement layers, and without the need for temporary or permanent facing. The 

reinforced soil block is also expected to perform as a “rigid” block and accommodate 

displacement without significant damage in strong earthquake shaking.  In addition, given 

that the RSE may be located close to and in some sections straddling the Ohariu and the 

splinter fault south of the saddle, this rigid block is likely to displace as a block or the fault 

may rupture at the ground surface around the block. 

Careful design and construction quality control will be required given that reinforced soil 

embankments to such heights (30 m to 40 m) have not been commonly constructed in 

New Zealand. 

15.9.2 Reinforcement 

It is proposed that geogrid made of high density polyethylene (HDPE) (such as Tensar 

geogrids) be used as the reinforcement, which would provide a relatively low cost and 

durable reinforcement for the embankment fill.  These are also more robust against 

damage than polyethylene (PE) geogrids, given the coarse angular fill derived from rock 

cuttings.  Selected fill (see Section 15.9.3) will be required for the RSE and given that this 

will be sourced from excavated rock, some allowance for damage will be required. 

The geogrids are predicted to provide an adequate design life exceeding 100 years 

(FHWA, 2001)
34

, although these geogrids have not been in use for such a long period so 

far, as they are a relatively recent development. 

The reinforced soil embankments will require adequate reinforcement length to ensure 

stability. This varies depending on the ground conditions, fill materials and the 

configuration as well as the earthquake performance expectations.  The proposed 

earthquake design philosophy is to allow controlled displacement of these reinforced 

embankments without failure through the reinforced soil block. To achieve an adequate 

reinforcement length, some excavation into the natural hillside is likely to be required. 
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15.9.3 Fill Materials 

Reinforced soil embankments can be constructed using a wide range of fill materials.  The 

height of the reinforced fill embankments may be up to 40 m high along the upper reaches 

of the Te Puka and Horokiri Stream valleys.  These high RSE are required to perform in 

large earthquakes given the high seismicity of the region.  Therefore, select granular fill 

materials sourced from cuttings in competent slightly to highly weathered greywacke rock 

materials (ie silty sandy gravel) is proposed to provide the necessary fill strength 

properties, drainage characteristics and ensure that the fill strength does not degrade with 

displacement for the displacement based design approach. 

In addition, the select fill materials would need to be screened to remove the large size 

particles that may cause undue damage to the geogrids and also remove the fine 

materials that would reduce permeability, impede free drainage and reduce the strength 

performance of the fill. 

15.9.4 Stability Analyses 

Stability analyses have been undertaken using reinforced slope stability assessment 

software RESSA
35

 to assess the stability and preliminary configuration of reinforced soil 

embankments.  A typical output from the analyses showing the reinforced soil 

embankment configuration is presented in Illustration 3.31. 

 

Illustration 3.31  - Typical Analysis of a Reinforced Soil Embankment 
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15.10 Landscaping and Revegetation 

It is important that the RSE slopes are vegetated during or as soon as possible after 

construction, with the aid of erosion protection matting, and the vegetation maintained 

during the life of the RSE.  Vegetation is usually grass and low vegetation to provide 

protection to the slope surface but not large trees that could destabilise the slope. 

15.11 Summary  

Embankments are required to be constructed using a variety of soils from cuttings along 

the Transmission Gully Route.  Appropriate fill slopes have been considered based on the 

performance of precedent slopes in similar soils in the region, and stability analyses. 

Reinforced soil embankments have been proposed to reduce the foot print of the 

embankments in critical areas and avoid or minimise encroachment into features such as 

streams, particularly in Sectors 3 and 4.   

(a) The following embankment slopes have been developed for preliminary design: 

� Dune sand (Paekakariki)    Sector 1 20° to 25° 

� Coarse Alluvium (Te Puka Terrace)  Sector 2 25° 

� Sandy and silty gravel (greywacke rock fill) Sectors 3&4 25° 

� Colluvium, fine Pre-Holocene Alluvium  Sectors 5&6 25° 

� Completely weathered greywacke    Sectors 8&9 25° 

(b) The embankments would have 3 m outward draining berms at 10 m height intervals 

for slopes exceeding 15 m height. 

(c) The following ground improvement and stabilisation measures would be considered 

and incorporated into the embankment design and construction: 

� Drainage blanket of free draining gravel wrapped in geotextile at foundation level. 

� Benching into the natural slopes to key the new fill into competent natural ground. 

� Subsoil drainage along the benches to pick up seepages and keep the 

embankment free of groundwater pressures.   

� Excavation and removal of any soft compressible, weak or otherwise unsuitable 

materials encountered in the foundations of embankments. 

� Preloading, with wick drains as necessary, where thick or deep compressible soils 

are present. 
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� Construction of drainage layers within the embankment fill, where the fill in fine 

grained, and particularly where the fill may be wet of optimum moisture content. 

� Any surface water from the road surface should be collected and either piped or 

run down lined cascade drains to minimise the potential for erosion. 

� Erosion protection matting for particularly erodible soils such as dune sands 

� Revegetation of slopes soon after construction. 

(d) Reinforced soil embankments should be designed and constructed with the following 

considerations: 

� Geogrids made of HDPE (such as Tensar geogrids) 

� Geogrid lengths shall be accommodated by excavation into the hillside as 

necessary to develop a suitable RSE block. 

� Select granular fill is proposed given that the reinforced soil embankments are 

high and need to be designed to resist large earthquake shaking with some 

controlled displacement of the reinforced block.  

� The select fill materials would need to be screened from the rock excavation 

derived fill to obtain materials without large size rock and fines. 
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16 Earthworks and Construction Materials 

16.1 Unsuitable Foundation Materials 

Excavation and replacement of unsuitable materials is proposed below all structure 

foundations, retaining walls, reinforced soil embankments and embankments.  In some 

instances the materials may be suitable for reuse when recompacted. 

In some exceptional circumstances, it may be impractical to remove all the materials 

present, and it may be necessary to undertake ground improvement such as by 

preloading, surcharge and wick drains. 

Unsuitable materials excavated and removed would need to be disposed of at disposal 

areas, as discussed in Section 17. 

16.2 Excavation Characteristics 

The general excavation characteristics of the cut materials have been considered for the 

route, and are summarised in Table 3.18. 

Table 3.18  - Excavation Characteristics 

Sector 
Materials to be 
Excavated 

Excavation Characteristics Additional Comments 

1 Dune Sand 
Easily excavated using earthmoving 

machinery without need for any ripping. 

� Excavated dune sand is likely to require 
some wetting to facilitate placement. 

2 
Pre-Holocene 

Gravel 

The gravels can be very dense with 

cobble and boulders. While can be 

excavated with dozer blades, may benefit 

from light ripping to facilitate excavation. 

� Excavated sandy gravels may require 

some wetting to facilitate placement and 

compaction. 

3 & 4 
Wellington 

Greywacke 

Rocks are closely jointed and given the 

proximity of the fault generally have 

shear and crush zones. The majority of 

the materials are likely to be able to be 

excavated by ripping. 

Very hard ripping is likely to be required 

for some of the rock. 

It is possible that blasting may be 

required to help facilitate excavation, 

particularly for the In-designation 

alignment (1A) on the eastern flank and 

south of the Wainui Saddle. 

� Seismic refraction survey indicated 

compression wave velocities of 2,500 

m/s to 3,000 m/s below about 10 m.  

� The high velocities are considered to be 
related to high groundwater conditions in 

the area. 

� Rippability assessed using approach of 
Weaver, and construction experience in 

the region. 

� For example cuttings in slightly to highly 

weathered rock at Newlands Interchange 

was entirely by ripping.  

� Blasting appropriate given rural 

environment, but would require safety 

control and measures to minimise 

damage to the remaining rock. 
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Sector 
Materials to be 
Excavated 

Excavation Characteristics Additional Comments 

5 & 6 
Pre-Holocene soil 

deposits  

The largely fine grained soil with some 

gravelly sandy silts can be relatively 

easily excavated by earthmoving 

machinery. Some light ripping may 

facilitate excavation of dense gravelly 

materials at depth and localised areas of 

rock. 

� The fine grained soils are likely to require 
some drying. 

7 

Alluvium and 

Estuarine 

Deposits 

No excavation proposed in the sector, 

other than undercut of the soft materials 

below embankments and retaining walls. 

� Some excavation in pre-Holocene 

deposits at the ends similar to Sectors 5 

& 6. 

8 

Wellington 

Greywacke rock, 

with completely to 

highly weathered 

near surface 

The closely jointed rocks are likely to be 

able to be excavated by ripping. Some 

localised heavy ripping or blasting may 

be required. 

� Rippability assessment using the 

approach of Weaver, and experience 

with construction projects in the region. 

9 

Wellington 

Greywacke rock, 

with completely to 

highly weathered 

near surface 

Completely and highly weathered 

greywacke rock predominates in the 

upper excavation, particularly in the area 

north of Cannon’s Creek. The rocks north 

of Cannon’s Creek are likely to be able to 

be excavated with ripping, and perhaps 

some heavy ripping and blasting near the 

base of the box cutting. 

The area south of Cannon’s Creek has 

more competent bedrock materials, but is 

still closely jointed. These rocks may 

require very hard ripping and some 

blasting, particularly between Cannon’s 

Creek and the Gun Club. 

� Rippability assessment using the 

approach of Weaver, and experience 

with construction projects in the region. 

� Blasting may be an issue given adjacent 

residential areas. 

  

There are a number of approaches to consider the rippability of rock for excavation 

purposes.  The most common approach is an empirical approach based on the rating 

chart developed by Weaver (1975)
36

. Weaver’s approach uses the following parameters to 

assess the rippability of rock: 

� seismic velocity 

� rock hardness (actually UCS strength) 

� rock weathering 

� defect spacing 

� defect continuity 

� defect separation / gouge 
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� strike and dip orientation 

Weaver’s approach has been used to predict the general rippability of the rock in different 

sectors.  A more detailed assessment of rippability should be undertaken during detailed 

design, when more information is available on the variability of rock conditions along the 

cuttings proposed and with depth, and the alignment and extent of cuttings are better 

defined. 

16.3 Suitability of Cut Materials 

The soils and rocks excavated on site are likely to be able to be used for the fills.  Some of 

the materials from the soils in Sectors 5 and 6 may not be suitable for use as fill, primarily 

because the natural moisture content is higher than the optimum moisture content (see 

Section 16.4), and hence drying may be time consuming.  Also some of the materials from 

the rock cuttings near the fault zone at the saddle area and adjoining areas may be too 

cohesive or wet.  These wet materials may be more readily disposed in favour of the more 

suitable materials, and will possibly be a more cost-effective approach given the general 

surplus of materials from the cuttings. 

Select fill materials will be required for the reinforced soil embankments and the reinforced 

soil walls proposed in Sectors 3 and 4 and at the bridge and interchange sites elsewhere.  

These can be derived from the rock cuttings but may need to be hauled some distance as 

the materials available locally may not be suitable.  For example, the cut materials in the 

northern part of Sector 4 may be of poorer quality because of disturbance by the Active 

Splinter of the Ohariu Fault, and may not be suitable for the select reinforced block fill, and 

select fill may need to be carted from north of the Wainui Saddle. 

16.4 Compaction Characteristics 

The compaction properties of the soils are discussed in Section 6.2.   The soils in Sector 6 

are generally 5% to 15% wet of optimum, and would require significant drying to use them 

as embankment fill.  It is important that this section of the project would need to be carried 

out during favourable seasons where drying would be possible.  Similar materials appear 

to have been encountered in the Silverwood subdivision, south-west of the proposed 

interchange with SH 58.  It is understood that the materials were dried by discing at the cut 

and the fill sites.  Some of the more wet and clayey soils were cut to waste.  A similar 

approach would be suitable for the Transmission Gully project given the general surplus of 

cut materials indicated by preliminary geometric design. 

Other soils along the route are generally 2% to 4% wet of optimum, and are more readily 

dried if the earthworks are undertaken during favourable earthworks seasons. 

The fill from the excavated rock and the coarse gravels from the Te Puka terrace just 

south of SH 1 at Paekakariki are likely to require wetting to facilitate compaction, and 

would require sources of water to facilitate this.  These materials are generally able to be 

placed and compacted across a much longer construction season.  An exception to this 

may be the near fault materials with seepages along the splinter fault south of the saddle, 



Technical Report No.3 

Geotechnical Engineering Report 

 

 

5C1591.20     

 July 2011 - Final 98 

which may be wet and may cause some difficulty with earthworks.  This area may require 

prior drainage by the drilling of drainage holes to drain the area. 

16.5 On-site Material Sources 

16.5.1 Bulk Fill 

The on site excavations for cuttings will provide suitable fill materials for the bulk fill and 

subgrade as discussed in Section 15.2. 

16.5.2 Select Fill for Reinforced Soil Embankments and Walls 

The materials from the rock cuttings are likely to provide suitable materials for the 

reinforced soil embankment select fills and also the sub-base materials.  The select 

materials would need to be screened to provide materials of appropriate quality and 

grading as discussed in Section 15.9.3.  Similarly select fill materials will be required for 

the reinforced soil walls. 

16.5.3 Basecourse and Concrete Aggregate Sources 

Much of the rock materials along the TG route are weathered, intensely fractured and 

sheared or weak, as a result of the faults along the route (Ohariu, Active Splinter of 

Ohariu, Horokiri and Moonshine Faults) and the effects of deep weathering. 

There are two areas identified along the route that has better quality rock which is slightly 

weathered to unweathered, strong and still with closely spaced joints.  These are the 

materials that may be suitable as base course aggregate and possibly concrete 

aggregate.  These areas are: 

(a) The eastern flank of Horokiri Valley, south of Wainui Saddle, between about Stations 

6,000 m and 7,500 m along the TG Designation (1996), see GSI values (Opus, 

2008c) and borehole logs for BH 24 and BH 29 (Opus, 2008b)
3
. This is along the In-

designation Alignment (1B). 

(b) In the vicinity of Cannons Creek and particularly south of Cannon’s Creek, see GSI 

values (Opus, 2008c), and borehole logs for BH 23, BH 40 and BH 45 (Opus, 

2008b)
3
.  This is along the preferred alignment. 

Some basecourse quality materials may be able to be sourced locally from other cuttings, 

particularly near the base of cuttings below the weathering zone. 

There are two options to exploit these materials to win basecourse and possibly concrete 

aggregate materials.  These are: 

(a) Widen the road corridor or use flatter the rock cut slopes to win more materials where 

good quality rock is available.  This has the advantage that the work will at the same 

time provide a reduced slope stability risk to the highway through improved stability.  

Such an approach would be suitable for the area south of Cannons Creek. 



Technical Report No.3 

Geotechnical Engineering Report 

 

 

5C1591.20     

 July 2011 - Final 99 

(b) Open a borrow area to source the aggregate materials, and landscape or use as a 

disposal site for unsuitable or surplus bulk fill materials.  This approach may be 

considered for the eastern flanks of Horokiri Stream south of the Wainui Saddle. 

16.6 Developing Aggregate Sources 

The potential sources of aggregate are referred to based on the rock quality from the site 

investigation results and mapping. If these are to be pursued further, it would be 

necessary to undertake further investigations to: 

(a) Assess the quantum of suitable rock that may be available through additional site 

investigations that may comprise further cored boreholes, seismic refraction surveys. 

(b) Assess the material quality through engineering geological assessment of recovered 

cored samples and laboratory aggregate quality tests. 

(c) Assess the production techniques necessary to win the materials and process the 

materials for use. 

The above work will require the input from geotechnical engineers, geologists as well as 

people with aggregate production experience. 

Further testing investigations are essential to confirm the viability of winning aggregates 

on site. This will also require engineering, production, environmental and planning 

considerations. 

16.7 Summary  

Unsuitable materials shall be excavated at all structure foundations, retaining walls, 

reinforced soil embankments and embankments and disposed of at disposal sites. 

The rock materials can generally be excavated by normal earth moving machinery, with 

ripping to heavy ripping as required particularly in the rock and dense gravel.  Some 

blasting may be appropriate to facilitate excavation. 

Cut materials are likely to be generally suitable as fill materials for the fill embankments, 

and with some selection and processing for the reinforced soil embankments and walls.  

The materials are likely to be able to be placed and compacted, with some wetting 

required for the dune sand and rock fill / sandy gravel materials, and some drying for the 

pre-Holocene fine alluvium.  Some of the wet fine grained alluvium and residual weathered 

rock materials may be too wet to be economically dried and may be cut to waste, which is 

appropriate give the surplus fill materials expected to be available. 

There may be suitable higher quality rock present at locations along the route, including 

on the eastern flank south of the Wainui Saddle and south of Cannons Creek.  The 

suitability and viability of these sources for base course and concrete aggregate should be 

further investigated. 
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The following issues would be taken into consideration: 

(a) Allowance should be made for ripping and possibly blasting in the earthworks for the 

project.  The consents for blasting, and appropriate methods and patterns of blasting 

to facilitate excavation without causing damage to the remaining rock cuttings should 

be investigated, with trial excavations. 

(b) The compaction properties of materials at depth were not able to be confirmed from 

the small size samples available from the boreholes.  Further investigations should 

include some deep large diameter boreholes, to obtain samples for compaction and 

CBR testing. 

(c) Further investigation of the suitability of rock materials for aggregate at selected sites 

and the viability of deriving adequate quantities for use as all or part of the road and 

concrete aggregate requirements should be carried out. 
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17 Disposal Sites 

17.1 Disposal Philosophy 

The philosophy proposed for disposal of surplus fill materials and unsuitable materials is 

to: 

(a) create disposal space by road design, such as separation of the carriageways to 

provide a wider median, which will accommodate surplus fill 

(b) dispose of surplus materials through the placement of fill on the flanks of the fill 

embankments beyond the recommended structural fill envelope, to achieve 

undulating more natural looking landscaped areas 

(c) utilise near-site disposal sites to create landscape features through the use of surplus 

fill, where space is available 

(d) identify disposal areas that are close to the alignment, which can be developed and 

used without creating a hazard to the highway, land owners or natural features such 

as water courses, and where possible create usable land (eg farming or subdivision). 

(e) off-site disposal where necessary, including offering materials for use by landowners 

where they have consent to fill. 

(f) On site disposal on the flanks of the formation should be developed as part of the 

next stage of design for the project. 

Disposal of surplus materials as part of the project development along the road should be 

encouraged as it has the potential to significantly reduce the risks to the road through the 

use of flatter embankment slopes and non-structural shoulder fills, in addition to disposing 

of materials.  Also use of a wider median to accommodate surplus fill (for example at 

Battle Hill Area) would have additional environmental and road safety benefits. 

17.2 Selection of Potential Disposal Sites 

Potential disposal sites were identified as a joint activity between the SAR team and the 

geotechnical team, through: 

(a) Identification of surplus materials and locations by the road designer 

(b) Workshop with road designer, landscape and environmental specialists and 

geotechnical engineers to assess and select sites along the route. 

(c) Field visit to identify and screen potential disposal sites. 
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17.3 Geotechnical Issues for Consideration of Disposal Sites 

The following geotechnical considerations have been developed for screening disposal 

sites and to assist with future design of disposal sites: 

(a) Disposal sites should be developed at locations that do not pose a hazard to the 

highway, landowners or the environment, either through potential slope failure 

affecting the highway or through erosion and discharge of mud and sediments onto 

the highway following heavy rainfall.  Disposal sites in gullies above the highway 

should therefore not be selected.  If they are chosen, mitigation measures should be 

adopted to effectively avoid the above hazards. 

(b) Disposal sites need to be founded on competent ground to avoid failures, though 

settlement may be accommodated by appropriate design. 

(c) Disposal sites should incorporate good drainage provisions, including: 

� channelling surface water from natural water courses through culverts  

� cut off surface runoff from the catchment above using surface drains avoiding the 

flow entering the disposal area, and collect and discharge to water courses 

appropriately 

� collection and disposal of surface run-off from the disposal area, with appropriate 

treatment 

� subsoil drainage and drainage blankets to manage groundwater pressures and 

possible destabilising effects. 

(d) Earthworks and compaction control is important to ensure that disposal sites are 

stable and are not just end tipped without any compaction or earthworks control.   

(e) Unsuitable and wet materials disposed need to be contained behind engineered and 

well constructed bunds. 

(f) Adequate landscaping and revegetation of disposal areas to minimise erosion and 

ensure rehabilitation. 

17.4 Construction Management 

It is important to ensure that disposal sites are well managed during construction, and any 

geotechnical hazards are identified and mitigated as part of the design and construction 

process. 

Construction should allow for managing the disposal sites during storm events, to avoid 

destabilisation during construction as well as in the long term. 
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17.5 Summary 

(a) The proposed disposal philosophy is to use the surplus and unsuitable materials as 

non-structural fill and for landscaping through incorporation into the road by 

appropriate road design.  Disposal could also be used as landscaping fill adjacent to 

the highway to achieve a natural and attractive environment. 

(b) Disposal sites that pose a risk to the highway or the environment as a consequence 

of slope failure or erosion or flow of mud should be avoided.  Therefore the use of 

gullies above the proposed highway to dispose of spoil should be avoided. 

(c) Disposal sites should be engineered to identify and mitigate geotechnical hazards 

during the design and construction processes.  Site suitability and stability, 

foundations, earthworks, and drainage issues will need to be addressed. 
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18 Route Security Performance 

18.1 The Regional Context 

The regional and national importance of route security for the Transmission Gully route 

which provides an alternative to the current highly vulnerable SH 1 route was presented in 

Section 9, under design philosophy. 

18.2 Route Security Philosophy 

A route security philosophy (Section 9) for Transmission Gully was proposed as follows: 

(a) Highway is open for full access with minimum structural damage in small hazard 

events with a short return period 

(b) Highway suffers limited repairable damage in moderate hazard events, with continued 

limited access, or highway reopens after a short period of closure, say 12 hours to 

3 days. 

(c) Highway suffers major damage, but does not collapse, in large, long return period 

events, and limited access can be restored within a reasonable period (say 3 days to 

2 weeks). 

18.3 Route Performance 

The expected performance of the route has been conceptually assessed considering the 

proposed current “Preferred Alignment (1B)”, the size of cuts, fills, retaining walls and 

bridge structures proposed, and the likely performance of these based on current 

knowledge.  It is possible that the likely performance will somewhat change as further 

investigations and design is undertaken and construction is completed. 

The broad level performance of the route after a large earthquake on the Ohariu Fault has 

been assessed in terms of: 

(a) Damage State  

(b) Availability State  

(c) Outage State 

The performance states show that: 

� there are a few locations of route closure and 

� these areas are generally likely to be able to be opened relatively quickly, with 

appropriate emergency response planning by NZTA. 
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The performance states show that the Preferred Alignment (1B) generally meets the route 

security philosophy proposed for the project.  There are a few areas of improvement 

necessary to meet the route security philosophy and these relate to two very high cuttings 

along the Te Puka Stream.  This section should be investigated further to mitigate the 

risks in the area, e.g. by reducing the height of cuttings so that the size of potential 

landslides and the closure times can be reduced. 
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19 Geotechnical Engineering Risk Management 

19.1 Geotechnical Engineering Uncertainties and Risks 

The geotechnical investigations and assessment has enabled a better appreciation of the 

ground and groundwater conditions along the route and remaining uncertainties and 

associated risks. 

The geotechnical risks arise from uncertainties in: 

� ground and groundwater conditions 

� route alignment and concept design 

� design, procurement and construction. 

The key geotechnical uncertainties, risks and recommended risk management measures 

are summarised in Table 3.19. The order in which the uncertainties are listed is not 

indicative of the level of risk or priority. 

Table 3.19  - Key Geotechnical Uncertainties and Risk Management  

No Key Uncertainties Risks Risk Rating Risk Management Actions 

1 

Knowledge of peat 

distribution, thickness and 

properties (Sector 1). 

� Increased costs of ground 
improvement. 

� Failure / settlement of 

embankments 

� Moderate 

� Additional site investigations. 

� Organic content, triaxial strength and 
consolidation tests. 

� Adopt 1A alignment where ground 

known and peat thickness is small. 

2 

Liquefaction potential of 

ground at SH 1 Paekakariki 

(Sector 1). 

� Embankment and abutment 

failure 
� High 

� Additional site investigations at 
bridge site. 

� Develop ground improvement 

options. 

3 

Alignment in the vicinity of 

pre-historic landslide at 

Paekakariki (Sector 1). 

� Potential for destabilising 
landslide, although current 

alignment buttresses landslide 

toe. 

� High 

� Confirm alignment and effect on 

landslide. 

� Avoid landslide or develop 
stabilisation measures. 

4 

Preferred Alignment 1B 

straddles Te Puka Stream 

downstream section with 

embankment in Te Puka 

Stream (Sector 2) 

� If stream realigned to west, 

erosion destabilises unstable 

hillside. 

� If stream culvert blocked in 

debris flow, creation of 

reservoir behind embankment. 

� High 

� Locate alignment through Te Puka 

terrace and avoid stream. 

� Provide large box culvert that can 
pass debris flows. 

5 

Location of Ohariu Fault on 

eastern flank of Te Puka 

Stream at north end of valley 

(Sector 3). 

� Fault zone affects cut slopes. 

� Fault location affects viaduct 
abutment foundations and 

seismic design across fault 

� Moderate 

� Engineer In-designation Alignment 

1A to minimise risk, if chosen. 

� Investigate the fault with fault 
trenches and inclined boreholes. 
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No Key Uncertainties Risks Risk Rating Risk Management Actions 

(In-designation Alignment 1A) 

6 

Dominant rock defects not 

identified in specific cut 

slopes or foundations. 

(Sectors 3, 4, 8 and 9) 

� Failure of cuttings in rock due 
to unfavourable defects. 

� Affects performance during 

construction, long term and 

route security in hazard 

events. 

� High 

� Geotechnical investigations – 
mapping defects in exposures, 

boreholes (including inclined 

boreholes, acoustic televiewer 

surveys), trial cuts. 

7 

Shear strength of shear, 

crush, fault zones not 

known. (Sectors 3, 4, 8 and 

9) 

� Failure of cuttings in rock due 
to unfavourable defects. 

� Affects performance during 

construction, long term and 

route security in hazard 

events. 

� High 

� Geotechnical investigation – 
boreholes to collect samples. 

� Laboratory shear strength tests in 
shear box / ring shear. 

� Develop and implement mitigation 

measures. 

8 

Activity of landslides at 

Paekakariki, Stn 5,100 on 

western flank of Te Puka 

Stream. (Sectors 2 and 3) 

� Movement of landslide poses 

a risk to bridge piers for 

alignment 1A. 

� High 

� Early Installation of survey points 
and inclinometers and monitoring 

over a period of time (seasons and 

rainfall) 

� Develop mitigation measures if 

required. 

9 
Retaining walls on steep 

slopes (Sectors 3 and 4) 

� Instability of slopes 
undermining walls and leading 

to failure. 

� Expensive solutions. 

� Route security compromised. 

� High 

� Early Investigation of ground 
conditions at wall sites. 

� Consider alignment to avoid / 

minimise walls. 

� Early investigation of alternate 
solutions (reinforced embankments 

and effect on stream, if any). 

10 
Very high cuttings in variable 

rock conditions (Sector 3) 

� Route security performance 

reduced by potential for large 

failures in earthquake. 

� High 
� Early investigation of the alignment 

and cut details to consider 

improvements to route security. 

11 

High reinforced soil 

embankments (Sectors 3 

and 4) 

� Instability due to optimistic 

design. 
� High 

� Further investigate reinforced soil 
embankments and design concepts. 

� Develop solutions. 

12 

Nature and inclination of 

fault zones at Wainui Saddle 

area. (Sector 3) 

� Extent of poor ground causing 
cut slope failures 

� High 

� Drill inclined boreholes to investigate 
fault zones. 

� Laboratory shear strength tests in 
shear box / ring shear. 

� Adjust alignment to suit conditions. 

� Develop stabilisation measures 

13 

Extent of Active Splinter of 

Ohariu Fault south of Wainui 

Saddle not well defined. 

(Sector 3 & 4) 

� Poor fault disturbed ground 
leading to failure or expensive 

solutions. 

� Groundwater conditions 
affecting stability. 

� Route security affected if 
inappropriate road concepts 

� High 

� Further fault trench excavation and 
assessment. 

� Dril boreholes (including inclined 
boreholes) to investigate nature and 

width of zone. 

� Develop design / stabilisation 
concepts to suit. 
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No Key Uncertainties Risks Risk Rating Risk Management Actions 

adopted. 

14 

Inadequate characterisation 

of pre-Holocene soil 

deposits (Sectors 5 and 6) 

� Cut and embankment failure. 

� Poor route security. 

� Pavement failure. 

� Earthworks difficulties during 
construction. 

� High 

� Additional geotechnical 
investigations – deep larger diameter 

boreholes to sample soils 

� Laboratory strength, compaction and 

CBR tests. 

� Develop earthworks and pavement 

strategy. 

15 

Characteristics and activity 

of landslides not known 

(Sectors 6 and 8). 

� Failure during construction. 

� Route security affected in long 
term in storm events. 

� High 

� Early investigation of specific 
landslides. 

� Install inclinometers early and 

monitor over a period of time 

(seasons and rainfall) 

� Develop stabilisation measures if 

required. 

16 

Inadequate knowledge of 

ground conditions along 

James Cook, Waitangirua 

and Kenepuru links, where 

no preliminary geotechnical 

site investigations 

undertaken.  (Sectors 8 and 

9). 

� Discovery of conditions lead 
to escalation of construction 

costs. 

� Alignment changes, 

designation changes and land 

purchase necessitated by 

unfavourable ground 

conditions.  

� High 

� Carry out further geotechnical 
mapping, site investigations (trial 

pits, boreholes) and laboratory 

testing. 

� Geotechnical assessment of 

conditions. 

� Undertake investigations early given 
large uncertainties. 

17 

Knowledge of rock 

characteristics and extent of 

good rock for aggregate 

sources are uncertain. 

� Unable to take advantage of 
the opportunity to locally win 

aggregate. 

� Unable to gain designation or 
consents for winning local 

aggregate. 

� Increased construction costs. 

� Increased environmental 

effects due to transport over 

large distances an depleting 

regional quarry resources. 

� High 

� Early investigation of aggregate 
potential along the route. 

� Drilling boreholes to characterise 
rock quality and extent. 

� Laboratory testing for aggregate 
quality. 

� Investigate production viability and 
logistics. 

18 
Knowledge of selected 

disposal areas poor. 

� Selection of disposal areas 
without adequate information 

resulting in increased costs. 

� Inability to gain designation, 
landowner approval or 

consents for suitable disposal 

areas. 

� Moderate 

� Early investigation of disposal area. 

� Screen disposal areas for 
geotechnical risks. 

19 
Poor knowledge of ground 

conditions at structure sites. 

� Inability to confirm length of 

bridge and form and extent of 

foundations depending on 

ground condition. 

� Bridge failure from inadequate 

geotechnical knowledge of 

� High 

� Geotechnical investigations at 
structure sites. 
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No Key Uncertainties Risks Risk Rating Risk Management Actions 

conditions. 

20 

Insufficient characterisation 

of ground conditions for 

selected route. 

� Concepts cannot be 
confirmed. 

� Inadequate understanding 
leads to failures during 

construction and long term. 

� Route security compromised 

because conditions not known 

when alignment and concepts 

could be changed. 

� Further land take and 
designation changes as 

geotechnical conditions are 

discovered late. 

� High 

� Early geotechnical investigations. 

21 

Poor knowledge of 

groundwater conditions and 

fluctuations over time and 

seasons. 

� Poor design decisions based 
on insufficient knowledge on 

groundwater level changes. 

� Failure or increased costs 
during construction due to 

inadequate knowledge. 

� Moderate 

to High 

� Ongoing monitoring on groundwater 

conditions in piezometers installed 

and future piezometers over a period 

of time and across different seasons. 

� Measure fluctuation of water levels 

with rainfall in key boreholes. 

22 

Procurement methods do 

not deliver project route 

security objectives and 

leads to increased 

operational maintenance 

costs. 

� Poor alignment with Principal’s 

objectives on route security. 

� Failures arise from insufficient 

investigations. 

� Route security compromised 

because lower cost solutions 

chosen to win project based 

on poor subjective decisions 

particularly on cut slopes and 

fills. 

� Poor route security outcomes. 

� Lower cost project but greater 
ongoing maintenance costs. 

� High 

� Discuss and select appropriate 
procurement strategy through 

consultation and discussion with key 

technical specialists in addition to 

procurement advisors. 

23 

Delayed geotechnical 

investigations and 

assessment. 

� Designation needs to change 
due to geotechnical 

conditions. 

� Land purchase and landowner 
consultation changes as 

geotechnical conditions 

uncovered. 

� Designation, land purchase, 
consultation decision lead to 

poor design decisions 

affecting performance and 

route security. 

� High 

� Early geotechnical investigations of 
key uncertainties. 

� Ongoing geotechnical inputs to 
alignment engineering, designation, 

land purchase and consultation 

decisions. 
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19.2 Risk Management 

Risk management initiatives to manage the geotechnical risks should be undertaken on an 

ongoing basis without delaying actions until later stages.  Past experience shows that if 

risk management actions are undertaken in a timely manner, then there are more 

opportunities and options to manage the risks.  As time goes by, the risks become more 

difficult and expensive to manage and some risks cannot be mitigated and become 

residual risks compromising performance.  Risk management actions recommended to 

manage the identified geotechnical risks are also outlined in Table 3.19.  
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