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ABSTRACT: Transport access into Wellington after a major earthquake is recognised to 

be a major issue.  The opportunity of improving the security of access, through 

engineering the proposed Transmission Gully project in an area of rugged terrain and 

straddling one of the major active faults, was a challenge taken up by the design team. 

Route security was adopted as a key objective for the project.  An alignment on the 

western slopes of Transmission Gully was chosen, and is a more secure route in 

earthquakes and storms than an alignment on the eastern slopes. Enhanced route security 

was achieved through careful selection of fault crossings, road forms robust to fault 

movement to enable quick restoration of access, and careful configuration of cut slopes.  

Configuration of major cut slopes involved integrated consideration of normal, storm and 

earthquake performance, as well as rock fall hazards and cost effectiveness. 

Expected route performance was illustrated through consideration of resilience as 

damage, availability and outage states in future hazard events.  Comparison with the 

resilience of the existing routes shows that the current Transmission Gully scheme would 

significantly improve security of access into Wellington. Early focus on route security 

performance enabled the development of a Transmission Gully scheme with improved 

security and at a lower cost than the previous schemes. 

1 INTRODUCTION 

Transportation networks are key lifelines for communities and are vital for response and recovery after 

major hazard events such as earthquakes.  Transport routes provide access for communities, food 

supply, and for the recovery and functioning of other lifeline facilities to which they provide access. It 

is important that New Zealand’s transport networks are resilient and vital links maintain their function 

in the event of major earthquakes and other hazard events. 

Wellington Region is in an area of high seismicity and steep terrain, which makes its transportation 

routes particularly vulnerable to earthquake and storm events. Road and rail transportation access into 

and within Wellington Region is recognised to be a critical issue, and this has been highlighted by 

emergency response exercises such as Exercise Phoenix run by Greater Wellington Regional Council. 

A recent systematic study by Opus of the vulnerability of the state highway network in the Wellington 

Region for the New Zealand Transport Agency illustrates this clearly as shown in the map in Figure 1. 

The map shows the steep terrain as well as the vulnerability in terms of availability for road access.  

Both National State Highways 1 and 2 are expected to be closed by landslides, failure of structures and 

liquefaction in large earthquake and storm events.  Land transport routes are expected to be closed for 

possibly months in large earthquakes (eg magnitude 7.5 events on the Wellington or Ohariu Faults). 

Improvement to the resilience of transport networks is a challenge, given the extensive networks and 

the terrain. Development of new roads provides an ideal opportunity, and needs to consider the 

importance of such roads to the transportation network, and should aim to achieve a level of resilience 

appropriate for the route (Brabhaharan and Moynihan, 2002). The Transmission Gully project 

provides an opportunity to improve the resilience of the Wellington region’s road network. 
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Figure 1 – Vulnerability of Wellington’s State Highway network to Large Earthquake Events 

2 THE TRANSMISSION GULLY PROJECT 

The Transmission Gully project is an approximately 27 km long new highway route north of 

Wellington, between MacKay’s Crossing and Linden, east of State Highway 1, see Figure 2. The New 

Zealand Transport Agency (formerly Transit NZ), as the road controlling authority for New Zealand’s 

state highway network, has been developing the concepts and schemes for this new route since the 

early 1990s, after the original proposal in the Greater Area Transportation Study in the late 1980s. 

This inland route runs through steep terrain, including the “Transmission Gully” along its northern 

section, where the route straddles the active Ohariu Fault.  The earlier route referred to as the 2004 

Costed Viaduct Option runs through the 1996 Transmission Gully designation, and comprised a 

number of viaducts, particularly through the northern section and in the vicinity of Cannons Creek.  

This route crossed the Ohariu Fault twice on long viaduct structures. 

Opus International Consultants (Opus) was commissioned by Transit in mid 2007 to undertake a 

preliminary geotechnical assessment, scheme assessment and cost risk and value engineering for the 

route, after it was adopted as the preferred route north of Wellington. Traffic modelling was 

undertaken by SKM, safety audits by MWH and independent geotechnical peer review assistance to 

NZTA by Guy Grocott (Rangitata Pty Ltd). The preliminary geotechnical assessment, scheme 

assessment and costing was completed in mid 2008, and the expected project cost was $ 1.025 billion. 

3 KEY ISSUES FOR SECURITY OF TRANSMISSION GULLY ROUTE 

Route security was identified by the project team as a primary objective for the project during the 

early stages of this 2007-2008 study.  Key issues that were addressed to improve route security were: 

 Road form – cuttings, fill embankments, retaining walls, bridges / viaducts 

 Active fault crossings 

 Performance of cut and fill slopes 

 Cost of solutions. 
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The viability of the project also depended on the project cost estimate, and the team recognised that 

cost effective solutions were important, while achieving other key objectives such as route security. 

Figure 2 – The Transmission Gully Highway Alignment 

4 GEOTECHNICAL UNCERTAINTIES 

There were significant uncertainties as to the geotechnical conditions which influence the security of 

the route.  Little geotechnical investigation had been completed prior to this 2007-2008 study. 

NZTA approved a staged programme of geotechnical investigations that were carried out, and 

comprised engineering geology mapping, drilling of boreholes, downhole acoustic televiewer surveys 

to understand rock defects, piezometer installation and monitoring to understand groundwater 

conditions, static cone penetration tests, trial pits, seismic refraction surveys, fault trenching, site 

specific seismicity study and laboratory tests. The Opus team were assisted with these investigations 

by staff from GNS Science and Golder Associates. 

The active fault investigations were progressed in stages, and enabled a better understanding of the 

position, activity and characteristics of the active faults. 

5 PERFORMANCE BASED DESIGN 

Resilience of a road link can be defined as the combination of its vulnerability to degradation in a 

hazard event and the time within which it can be reinstated after hazard events.  Conversely loss of 

quality of access (service) and outage (period of loss of quality of access) are critical to define the 

performance of road networks, see Figure 3. This can be related to Performance States (or Resilience 

States) proposed for road links by Brabhaharan et al. (2006).   

Performance states developed for considering the likely performance of road links are: 

 Damage State - Represents severity of damage and the extent and cost of damage repairs. 

 Availability State - Indicates level of access after event (full, various reduced levels or not at all). 

 Outage State - Indicates duration when road can be expected to provide reduced level of access. 
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Figure 3 - Conceptual Definition of Resilience 

The resilience of the Transmission Gully route is a function of the loss of access due to the level of 

damage in an event, as well as the time for recovery.  Reducing the level of damage and consequent 

loss of access (maximising availability), and / or reducing the time for recovery will help enhance the 

resilience or performance of the route in providing access. 

A design approach focussed on access performance was chosen to maximise the route resilience.   

6 ROUTE SECURITY PHILOSOPHY 

A route security philosophy was developed for the project, as follows: 

 Highway is open for full access with minimum structural damage in small hazard events with a low 

recurrence interval. 

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

access, or reopens after a short period of closure, say 12 hours to 3 days. 

 Highway suffers major damage in large, long return period events, but does not collapse, and 

limited access can be restored within a reasonable period (say 3 days to 2 weeks). 

Such an approach will provide a relatively high degree of security to the route.  By focussing on the 

performance or resilience as a function of availability of access and duration of outage, it was possible 

to pragmatically develop solutions where damage can’t be prevented, for example due to fault rupture. 

7 ACTIVE FAULTS ALONG THE ROUTE 

7.1 Fault Investigations 

Two active faults were present along the route – the Ohariu Fault and the Moonshine Fault. 

Investigation of the faults indicated the position, characteristics and confirmed the recurrence interval 

of these faults. 

7.2 Moonshine Fault 

The Moonshine Fault investigations indicated that it is likely to be in a wide zone, and had a long 

recurrence interval of greater than 11,000 years.  Therefore, the effect of this fault on the route security 

of the route was assessed to be low. 

7.3 Ohariu Fault 

The active Ohariu Fault straddles the Transmision Gully alignment between State Highway 1 crossing 

in Paekakariki and the Wainui Saddle, see Figure 2.  Characteristics rupture of this segment of the 

Ohariu Fault can give a magnitude 7.5 earthquake, with surface rupture of 5 m horizontal and 1 m 

vertical displacements, at a recurrence interval of about 1,500 to 2,200 years and is significant to the 

security of the route.  The location of the Ohariu Fault was better defined through the geotechnical 

investigations of the fault.  The fault was assessed to be likely to be a wide fault zone at the northern 

section of Te Puka Stream valley at the northern section of the route. 
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A ground expression observed during the engineering geology mapping investigations was further 

investigated with fault trenches and was found to be an active splinter fault, probably associated with 

the Ohariu Fault.  This Active Splinter of the Ohariu Fault extends from south of Wainui saddle along 

the western flank of the Horikiri Stream Valley, see Figure 4, and may have a recurrence interval of 

about 2,500 years. 

 

Figure 4 – Transmission Gully Alignments in Relation to Active Faults 

8 HIGHWAY ALIGNMENT AND ROAD FORM 

8.1 Road Form 

The form of the road also has a significant effect on the route security.  The following road forms were 

considered and where possible adopted, improving the security of the route: 

(a) Localised higher cuttings, where the cut slope failures can be managed and quickly cleared to 

restore at least limited access, in preference to viaducts across faults. 

(b) Reinforced soil embankments with 45° slide slopes which can be designed to perform well with 

some displacement in earthquakes. 

(c) Reinforced soil walls to perform well with some displacement in earthquakes, in preference to 

rigid anchored walls, half bridges or viaducts, to avoid stream intrusion. 

(d) Split grade carriageways for northbound and southbound traffic to reduce width of road formation 

and large cuttings (this was not adopted for geometric alignment reasons). 

(e) Separated northbound and southbound carriageways on the western and eastern flanks of valleys 

to reduce large cuttings (this was not adopted due to the need for viaducts crossing faults, and 

crossing an existing landslide area on the eastern flank, and environmental reasons). 

(f) Open cut with gentler slopes in the fault sheared rock at Wainui Saddle. 

(g) Benches in cut slopes with rock fall barrier fences in high cuttings, and rock fall ditches at the toe, 

to minimise rock fall hazards to road users following storm and moderate earthquake events. 
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Tunnel options were also considered for the Wainui Saddle area, but were not considered further 

because of cost and the uncertainty around the proximity of the fault and likely poor rock conditions. 

A hierarchy of road forms for crossing of the active fault was developed to maximise route security, 

and used in the selection of alignment and road form, as follows: 

 Embankments are preferred, as access can be easily restored using earthmoving machinery, if 

displaced by fault rupture.  Also long term reinstatement can be achieved easily by changing the 

grade of the road, using earthworks as necessary. 

 Reinforced soil embankments can be used where embankment slopes need to be steepened, but can 

displace as a block in fault rupture or intense shaking, and access can be relatively quickly restored. 

 Cuttings can be adopted where embankments are not feasible, with the understanding that large 

associated landslides will be more costly and take more time to clear to restore access, but are 

preferred over structures. 

 Bridges or viaducts should be avoided where possible, as they are very costly and time consuming 

to restore, with many weeks to provide a Bailey Bridge and many months to years to reinstate 

permanently. 

 Tunnels should be avoided to cross active faults, as partial collapse or misalignment is likely, with 

a much higher potential for deaths. Restoration will be very costly and take many months to years. 

For Transmission Gully, it was possible to achieve an alignment and design concept crossing the 

Ohariu Fault with a combination of embankments (or reinforced soil embankments), and cuttings. 

The newly discovered Active splinter of the Ohariu Fault straddles the preferred alignment on the 

western flank of Horokiri Valley.  Reinforced soil embankments with 45° side slopes were adopted 

along this section, to avoid intrusion of the embankment into the stream, see Figure 5.  Evidence from 

past earthquakes suggest that the fault is likely to rupture around stiffer structures, or displace the 

reinforced soil block, without causing significant damage.  Access can therefore be restored relatively 

quickly. 

Figure 5 – Reinforced Soil Embankment Concept 

8.2 Highway Alignment 

Previously, an alignment on the eastern flanks of Te Puka and Horokiri valleys was proposed for the 

section of the Transmission Gully highway, north of Battle Hill Farm. Our study developed a preferred 

alignment on the western flanks and floor of the valley in Battle Hill, to improve route security, by: 

(a) Restricting crossings of the Ohariu Fault to one, near Wainui Saddle, instead of the previous two. 

(b) Crossing the active Ohariu Fault in earthworks near the Wainui Saddle, avoiding the previous 

crossings on viaduct and in high cuttings (> 60 m high) in a fault zone, as well as at the Wainui 

Saddle cuttings. Access along roads with fault crossings in earthworks can be quickly restored by 

earthmoving machinery, whereas collapsed viaducts will take months to years to restore.  



7 

(c) Avoiding the inferred landslide on the eastern flank, some 600 m north of the Wainui Saddle. 

(d) Avoiding the steep higher hillsides on the eastern flank of the valleys. 

(e) Taking advantage of the wider valley floor through the Battle Hill area. 

These improvements to the road alignment contributed to maximising  the security of the route, as 

discussed in Section 10. 

Other improvements to the alignment were adopted near Cannons Creek, which also improved the 

route security by reducing the cuttings through weathered bedrock with significant overburden, and 

accepting cuttings in better quality bedrock just south of Cannons Creek. 

9 ROCK CUT SLOPES 

Extensive cut slopes in Wellington Greywacke rocks comprising sandstone and argillite, are required 

for the Transmission Gully highway. The cut slopes for the eastern alignment are generally up to 55 m 

height, and locally higher. Therefore the preliminary design of these cut slopes had to take into 

consideration their performance in large earthquake and storm events and rock fall management. 

Preliminary cut slope configurations have been considered using a combination of: 

 Precedent cut slopes in the region based on a precedent study indicated rock slopes of about 45° to 

be appropriate for cuttings of about 55 m height, with slightly flatter 38° to 43° for higher cuttings. 

 Rock defects : the rock mass can be characterised as having closely spaced joints which influence 

the rock mass strength, with more dominant shear and crush zones or faults that influence defect 

controlled instability.  Investigations indicated these dominant defects generally strike SSW to 

NNE, which is sub-parallel to the active faults in the region (including the Ohariu Fault), as well as 

the main ridges and valleys including the Transmission Gully. Their dips are predominantly greater 

than about 45°, see Figure 6.  Forming cut slopes at about 45° to 50° will minimise dominant defect 

controlled failures, and the alignment on the western flank of the Transmission Gully further 

reduces the potential, as a significant proportion of the shallower dominant defects dip to the NW, 

in a direction favourable to this alignment (and unfavourable to an eastern flank alignment).  
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Figure 6 – Frequency Plot showing Dip and Dip Directions of Shear Surfaces in Rock 

 Behaviour of slopes in historical earthquakes was considered using an earthquake induced slope 

failure hazard study by Brabhaharan et al. (1994) for the Wellington Region, and national studies 

by Hancox et al. (2002), and indicates that cut slopes steeper than 45° could lead to a high to very 

high susceptibility to slope failures during MM 9-10 shaking.  About 50 m to 60 m high cuttings at 

an average cut slope of 45° would have a moderate susceptibility to slope failures, with minor slope 

failures (100 m3 to 10,000 m3) in MM VII to VIII ground shaking and severe slope failures (> 

10,000 m3) in MM IX to X shaking.  However, very large failures greater than 100,000 m3 are 

unlikely.  Higher 70 m to 80 m high cuttings are generally avoided by adopting the western flank 

alignment, whereas cuttings of these heights together with a thicker overburden on the eastern flank 

could lead to failures greater than 100,000 m3 in volume.  
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 Rock mass stability analyses using the Geological Strength Index classification of the rocks along 

the route indicate factors of safety greater than 1.5 under static conditions, assuming no dominant 

defect controlled failures discussed above.  Analyses using the software SLIDE indicate that 

dominant defects that do not daylight (ie will not be exposed) in the proposed cuttings could still 

reduce stability and cause failures, particularly if groundwater pressures are high.  Drainage 

measures (eg sub-horizontal drainage holes) and perhaps rock anchors may be required to minimise 

the risk from failures during construction or large storm events.  However, some shallow failures 

could occur in earthquakes, consistent with observations of landslides in historical earthquakes. 

Based on the four approaches, an overall cut slope angle of 45° to 50° has been adopted depending on 

the rock quality, as well as adopting the western flank alignment with lower cut slopes, fewer shallow 

unfavourable dominant defects and smaller overburden thickness.  Based on cut slopes up to 60 m 

height, minor slopes failures (100 m3 to 10,000 m3) in MM VII to VIII ground shaking can be cleared 

in a few days to a week or so, and severe slope failures (> 10,000 m3) in MM IX to X shaking, which 

can be cleared in 1 to 2 weeks or so.  The higher 70 m to 75 m cuttings at Wainui Saddle in sheared 

rock will be formed at a slope of 35°, which would give smaller failures.  This rock cut slope design 

approach is consistent with the design philosophy for the project, presented in Section 6.  These 

preliminary cut slope designs need to be further developed as the project is developed further. 

10 EXPECTED PERFORMANCE IN LARGE EARTHQUAKE 

The route security performance of the scheme design was assessed using the road risk assessment 

approach developed by Brabhaharan (2006), but applied to the proposed road scheme for 

Transmission Gully.  The Availability State map shows that there are small sections of the highway 

that may be closed by a large earthquake associated with rupture of the Ohariu Fault, see Figure 7.  

However, access can be quickly restored as discussed. The availability will be better in a large 

earthquake other than on the Ohariu Fault as the fault rupture hazards are avoided.   

 

Figure 7 – Expected Route Security Performance of the Transmission Gully Route – Availability State 

The Outage state (duration of reduced access availability) map on Figure 8 shows that the access along 
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the route can be quickly restored.  Figures 7 and 8 also show the improvement to the overall route 

security that can be achieved for the Region.  The availability and outage of the route in small to 

moderate storm and earthquake events will be significantly better than the large earthquake scenario in 

Figures 7 and 8, and this contributes to the greater level of resilience of the Transmission Gully route. 

 

Figure 8 – Expected Route Security Performance of the Transmission Gully Route – Outage State 

11 RESILIENCE THROUGH DESIGN 

The project team, by setting route security as a key objective for Transmission Gully, was able to 

exercise a high level of focus on resilience.   

Resilience in design concepts was achieved for the Transmission Gully project, through: 

(a) Flexibility to consider different alignments in the wider corridor, which enabled a more resilient 

alignment to be developed. 

(b) Adoption of cuttings with slope configuration, through actively considering performance in large 

earthquake / storm hazard events, which will fulfil the route security philosophy where even if 

failures cannot be practically or economically avoided, access can be quickly restored. 

(c) Development of reinforced embankment or reinforced wall solutions that would be robust in areas 

where the road straddles the active fault.  The reinforced block can undergo controlled 

displacement, and still provide an acceptable access performance. 

It is important that these scheme designs for Transmission Gully be further refined during detailed 

design and construction stages, through an appropriate level of focus on resilience, and a procurement 

strategy that facilities achievement of the resilience objectives. 

The resilience improvements compared to the 2004 Costed Viaduct Option were achieved while also 

reducing the estimated cost of the project by some 20%, or approximately $ 200 Million in 2008.  This 

demonstrates that resilience or route security enhancements do not necessary need to cost more.  

Instead focussing on the resilience objectives is more important. 
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12 FUTURE RESEARCH 

There is still considerable uncertainty in the performance of cut slopes in earthquakes.  Topographical 

amplification of shaking in areas with steep terrain and the mechanisms of failure in the ground terrain 

and engineering geological conditions under earthquake shaking need to be researched to provide 

greater certainty for the assessment of the resilience of lifelines that are often located in steep terrain 

and areas of high seismicity.  The current published knowledge on the geographical and seismicity 

based prediction of earthquake induced slope stability needs to be advanced to enable project and site 

specific assessment of the performance of hillsides and cut slopes, and facilitate the development of 

more targeted mitigation measures where appropriate. 

13 CONCLUSIONS 

It is important to achieve an appropriate level of resilience in design of important lifeline projects.  

Understanding of the resilience expectations within the context of the wider framework is fundamental 

to be able to consider and achieve resilience.  Lifeline risk studies play an important role in setting the 

context and defining performance expectations (Brabhaharan, 2006). 

The Transmission Gully case study demonstrates that seemingly difficult route security or resilience 

enhancements can be achieved by focussing on the route security performance expectations and 

defining performance as a combination of damage, availability and outage. It is important to focus 

early on route security as it is at this early stage that the route security can be significantly influenced 

when alignments and road concepts are able to be accommodated.   

The achievement of resilience does not necessary need to cost more, as demonstrated by the 

Transmission Gully project, where a substantial reduction in the estimated cost of the project was also 

achieved. 
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