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ABSTRACT: The Wellington Inner City Bypass is a key lifeline arterial route providing 
access on the route to the regional hospital and airport.  The project includes a 450 m long 
trench section south of the Terrace Tunnel.  The up to 8 m high walls supporting this 
trench were designed to maintain serviceability after large earthquakes. 

Two wall systems, a propped concrete trough structure and soil nailed walls, were 
adopted, with the choice being highly influenced by complex ground and groundwater 
conditions and high seismicity – design peak ground accelerations of 0.6g to 0.7g, and 
magnitude 7.5 earthquakes on the Wellington Fault. 

Efficiency in the trough structure design was achieved by transferring the large 
earthquake earth pressure loads from one side of the trench through the struts and the 
floor slab to the opposite side, where it is resisted through passive soil resistance, and 
allowing limited displacement of the whole structure in large earthquakes. 

A performance based design approach, allowing limited displacements in large 
earthquakes was also adopted for the soil nailed walls.  Test soil nails during construction 
helped refine post-grouting techniques to provide greater soil nail capacities and lower 
deformations, to meet earthquake performance expectations. 

These innovative concepts led to substantial savings in trench construction costs. 

1 INTRODUCTION 

The Wellington Inner City Bypass (WICB) project involves constructing a 1.2 km long state highway 
arterial road system between the Terrace Tunnel and the Basin Reserve in Wellington, with 900 m of 
new road and the upgrade of 300 m of existing road, see Figure 1. 

The project includes relocation and restoration of 19 heritage buildings, construction of major 
retaining walls, a major storm water culvert and the provision of pedestrian and cycling routes. 

The project is a partnership between Transit New Zealand, the state highway authority, and 
Wellington City Council, the local authority. Opus International Consultants are the consultants for the 
project, and have been responsible for early development of the scheme, investigations, design and 
construction management. 

A 450 m long section of the route immediately south of the Terrace Tunnel is depressed up to 8 m 
below the surrounding area, with the northbound carriageway formed in a new trench.  This section 
has required most of the heavy civil engineering construction and earthquake design, and is the subject 
of this paper. 

Construction started in November 2004, with completion programmed for April 2007. The main 
contractor for construction is Fulton Hogan, with sub-contractor New Zealand Civil & Construction 
carrying out the soil nailing works. 
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Figure 1  Wellington Inner City Bypass showing Northbound Carriageway Route 

2 DEVELOPMENT OF THE PROJECT 

De Leuw, Cather and Company completed a comprehensive transportation plan for Wellington in 
1963, and recommended a foothills motorway from Thorndon to Mt Victoria along the foothills of the 
western hills and through Te Aro.  The Wellington Urban Motorway up to the Terrace Tunnel was 
completed in 1978, and extension to Mt Victoria Tunnel has continued to be investigated.  In the early 
1990s a Tunnel-Link scheme was developed, with a 1.2 km cut and cover tunnel over the full length 
from the Terrace Tunnel to the Basin Reserve.  However, this scheme was modified in the mid 1990s 
and instead, an interim arterial road scheme with a system of northbound and southbound 
carriageways, using a combination of existing and new road, was developed. Consents were obtained 
on the basis of a three stage scheme. Stage 1 comprised re-assignment of existing city streets.  Stage 2 
comprises development of the current Wellington Inner City Bypass scheme discussed in this paper.  It 
was envisaged that eventually Stage 3 would involve construction of the Tunnel-Link scheme. 

3 THE SCHEME 

The Wellington Inner City Bypass project involves the construction of an arterial road system, with a 
pair of two-lane one-way roads to provide ease of access through the Te Aro sector of the city, see 
Figure 1.  The scheme is described in a paper by Brabhaharan et al (2006).  It comprises: 

 a two lane northbound road comprising the widening of Buckle Street, and a new road from 
Taranaki Street to the Terrace Tunnel; and  

 re-assigning Vivian Street as a two-lane one-way southbound road from the Terrace Tunnel 
off-ramp to Cambridge / Kent Terrace.   

The roads are at-grade except for the 450 m long northbound lanes which pass through a trench north 
of Willis Street, with grade separation at Vivian Street and Ghuznee Street and providing access to the 
level of the existing motorway at the Terrace Tunnel south portal. 

Vivian St 

Willis St 

Ghuznee St 

Basin Reserve 

Terrace 
Tunnel 

Mt Victoria 
Tunnel 
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Figure 2.  Trench Section of Wellington Inner City Bypass 

The investigation and design of the current scheme commenced in 1998 and was completed in 2003.  
The project was tendered in 2004 and construction commenced in November 2004. 

4 GROUND & GROUNDWATER CONDITIONS 

4.1 Geomorphology and Ground Conditions 

The alignment is located at the foot of Wellington’s western hills, where the colluvium / fan deposits 
meet the alluvium, swamp and marine deposits on the Te Aro flats.  The soils are highly variable, and 
comprise a mixture of sandy silty gravel, gravelly sandy silts and sandy silty gravelly clay with 
variable clay and silt contents, and with thin (up to 1.5 m thick) layers of clayey silt and clay.  The 
soils are predominantly medium dense to dense.  The cohesive clay / silt layers vary from soft to stiff 
in strength.  Weathered greywacke bedrock forms the basement at a depth of 10 m to 30 m. 

4.2 Groundwater Conditions 

The groundwater regime in the area is complex.  In general, the groundwater flows west to east, from 
the western hills through the foothills to the flat areas and eventually the harbour.  The Bypass route 
between the Terrace Tunnel and the Willis Street / Abel Smith Street intersection (the trench section) 
is located where the foothills meet the flat coastal plain.  There is a shallow unconfined aquifer within 
which the Bypass trench is constructed, underlain by partially confined aquifers separated by semi-
continuous, low permeability clay and silt layers. 

Sub-artesian groundwater pressures are present in the deeper soil layers below the Bypass, and 
artesian groundwater pressures are present in the bedrock in a short section of the Bypass immediately 
south of the Ghuznee Street Bridge.  The groundwater level in the shallow unconfined aquifer varies 
between a depth of 1.5 m and 5.5 m below the original ground surface, over the trench section 
between the Terrace Tunnel and Abel Smith Street.   

On of the key considerations for the design of the Bypass was minimising the impact on the 
groundwater regime, and in particular ensuring groundwater flow across the Bypass trench corridor. 
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5 SEISMICITY 

Wellington City, where the Bypass is located, is an area of high seismicity in New Zealand.   

The Class I active Wellington Fault is about 1.5 km west of the Terrace Tunnel to Vivian Street 
section of the Bypass.  There are also a number of other major faults in the Wellington Region. 

A site specific seismicity assessment was undertaken by sub-consultant GNS Science for the project 
site, given the importance of the road and the high value of structures proposed.  The seismic design 
parameters derived for the project based on the Bridge Manual (Transit New Zealand, 1999) using the 
results of the site specific assessment, are presented in Table 1.  Also the performance was checked for 
a Maximum Credible Earthquake (MCE), a magnitude 7.5 earthquake from characteristic rupture of 
the Wellington to Hutt Valley segment of the Wellington Fault, giving 0.75g peak ground acceleration 
at the site. 

Table 1.  Seismic Design Parameters 

Section of retaining wall Risk factor Return period of 
design earthquake 

Peak ground 
acceleration for design 

Under Ghuznee Street & 
Vivian Street bridges 1.3 1000 years 0.68g 

Other retaining walls 1.15 670 years 0.59g 

6 DEVELOPMENT OF DESIGN CONCEPTS FOR TRENCH 

A variety of options were considered for the 450 m long trench section where it was necessary to 
support the trench sides up to 8 m high. The high groundwater conditions, the need to maintain the 
groundwater regime to prevent any adverse impact on the surrounding area, and the high seismicity of 
the area meant that gravity walls such as crib walls, concrete cantilever walls and reinforced soil walls 
were not practical.  Alternatives such as a deep embedded diaphragm wall were also considered. 

Consideration of the various issues led to the selection of a combination of soil nailed walls and a 
propped concrete U-shaped trough structure. The lower height cuttings at the southern end of the 
trench were designed as open cuttings, as there was adequate space available, good ground conditions, 
and low groundwater levels.  Traditional concrete cantilever walls were chosen for a short section of 
wall between the northbound carriageway and the off-ramp to Vivian Street.  The high seismicity and 
the complex ground /groundwater conditions significantly influenced the choice of concepts. 

7 PROPPED CONCRETE TROUGH STRUCTURE 

7.1 Location 

The propped trough structure was adopted for the central section of the trench where the heights of the 
walls were at least 6 m on both sides, allowing sufficient headroom for the use of props at the top of 
the wall.  This was adopted for a 150 m length of trench (Sector 3 on Figure 2).  This section was 6 m 
to 8 m high and included the supports for the new Vivian Street overbridge. 

7.2 Seismic Design Philosophy 

Given the high seismicity and the poor ground conditions, it was apparent that a traditional wall with 
the usual design approaches for the earthquake loads would not work in this instance.  After careful 
consideration, the two approaches in Table 2 were adopted for the seismic design of the project. 
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Table 2.  Seismic Design Approach 

Issue Design Approach 

Resisting earthquake earth 
pressures 

Resist static and earthquake earth pressures through: 
 friction on the base slab and  
 passive earth pressure on opposite side of trench, with forces 

transmitted through floor slab and top strut. 

Performance under larger 
earthquake loads exceeding the 
passive pressure capacity 

Adopt performance based design allowing limited displacement 
of trough structure in large earthquakes, where the friction on the 
base slab and passive earth pressure capacity are exceeded. 

Resisting the lateral earthquake earth pressures through passive earth pressures on the opposite side 
and allowing limited displacement enabled the large earthquake loads to be resisted through the 
existing ground, taking advantage of the cyclic nature of the earthquake loads. 

The adoption of a trough structure over the initially considered deep embedded diaphragm wall option, 
led to a reduction in the earthquake loads due to the shallower wall penetration, and also enabled the 
earthquake loads to be accommodated through a combination of passive pressure on the opposite side, 
friction along the base, and allowing limited displacement of the trough structure in large earthquake 
events that exceed the passive pressure capacity. This solution is also resilient under earthquake loads 
larger than the design loads adopted, and the MCE event. 

 

Figure 3.  Propped Reinforced Concrete Trough Structure 

7.3 Design and Construction Features 

The propped concrete structure shown in Figure 3 comprises a 150 m long cast in situ reinforced 
concrete structure, with 1 m to 1.2 m thick floor slab and walls up to 8 m high.  The trough walls are 
propped at the top with 760 mm diameter steel pipes at 5 m centres to assist with transmitting the earth 
and seismic loads from one side of the trough to the other.  

The trough was designed for the high groundwater conditions which have to be maintained to allow 
groundwater flow across the Bypass corridor and minimise subsidence in the surrounding area. A 
500 mm thick drainage blanket below the trough facilitates groundwater flow across the corridor and 
compensates for the presence of the structure across the groundwater flow path.  Subsoil drains are 
provided behind the walls to prevent groundwater rising above design levels.  The mass of the 
concrete structure and soil retained on the heels resists the potential uplift due to hydrostatic pressures. 
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The trough was also designed to be watertight without movement joints and water stops. Water 
tightness is achieved by providing reinforcement complying with the requirements of AS 3735 
‘Concrete Structures for Retaining Liquids’ for fully restrained cast in situ concrete, including across 
all construction joints. This level of reinforcement limits design crack widths to not more than 0.1 mm.  

The trough was designed with an allowance for displacement of the whole trough structure of the 
order of 100 mm in a design earthquake event.  Some displacement would also be required to mobilise 
the passive resistance.  In a large earthquake event such as a Maximum Credible Earthquake (MCE) 
event, a magnitude 7.5 earthquake on the Wellington Fault, the expected somewhat larger 
displacement of the whole structure would not compromise the performance of the facility.  This 
concept ensures that the structure is resilient to larger earthquakes and continues to provide access, 
although some repairs may be required. 

The trough was designed on the basis of bottom up construction, with top-down excavation support 
using temporary soil nails during excavation, to minimise effects to surrounding roads and services. 

8 SOIL NAILED WALLS 

8.1 Location 

Soil nailed walls were adopted for the sections of the trench that are low or do not have high walls on 
both sides, where a propped trough structure would not be feasible.  Soil nailed walls were adopted 
and designed for: 

 A 65 m long section south of the trough wall, on both the east and west sides of the trench.  
These walls are up to 6 m high.  The east wall was omitted during construction due to the 
construction of an underground car park structure in the adjacent Augusta Apartments, 
eliminating the need for a wall. 

 A 135 m long section of wall north of the trough structure, on the west side only.  This wall is 
up to 8 m high, with an additional two rows of soil nails in the bank above the wall between 
Ghuznee Street and the Terrace Tunnel south portal walls. 

A section of the soil nailed wall extends under the existing Ghuznee Street Bridge abutment. 

8.2 Seismic Design Philosophy 

Soil Nailed walls would not be economical or feasible if they had to be designed using a conventional 
approach to achieve a predetermined factor of safety under the large earthquake design loads 
associated with the high seismicity of the area.  A performance based design approach was adopted to 
achieve a practical and economical design.  This is based on allowing displacement of the soil nailed 
block during the larger earthquakes.  The design performance criteria adopted is presented in Table 3.  

Table 3.  Seismic Design Performance Criteria for Soil Nailed Walls 

Location Design Case Criteria 

Walls near structures  
(Ghuznee Street bridge) 

Design seismic 
loads (0.68g) 

 Max displacement of the order of 100 mm. 

 Optimise design to further limit displacements  

Walls not near structures Design seismic 
loads (0.59g)  Max displacement of the order of 200 mm. 

Some displacement and repairable damage would be acceptable to ensure performance of the walls in 
large earthquakes, provided that these do not lead to a closure of the road.  A small displacement limit 
was adopted where the displacement may affect structures, in this instance the Ghuznee Street bridge, 
where a soil nailed wall was provided under the west abutment footing.   
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The amount of displacement that is acceptable is constrained by : 

 the displacements that can be tolerated by the abutment structure without undue damage, and 

 the gap between the bridge columns and their existing concrete sleeves through the bank, that 
must be maintained to allow flexure of the columns during earthquake shaking. 

A larger displacement is tolerable for the other sections of soil nailed walls, where displacement is 
only likely to lead to cracking and deformation of the Bypass shoulder or of adjacent local streets and 
footpaths.  Also some cracking of the facing can be repaired or the panels replaced. 

The selection of a soil nailed wall instead of the previously considered anchored walls enabled the 
adoption of a performance based design approach, allowing limited displacement of the reinforced soil 
nail blocks under large earthquake shaking. 

8.3 Design and Construction Features 

Soil nailed walls up to 8 m high support the western side of the trench, at each end of the trough. The 
total 200 m length of soil nailed walls represents the largest such wall designed for large earthquake 
loads in New Zealand.  The soil nailed wall face is at a slope of 1H:2V (63°), and a typical cross-
section is shown in Figure 4. 

 

Figure 4.  Soil Nailed Wall Supported Trench 

Soil nailed walls are a cost-effective top-down construction method, with the cut face being formed in 
sections, stabilised by drilling sub horizontal holes and grouting in reinforcement bars on a regular 
grid, and finishing off with a reinforced shotcrete facing.  The soil nailed walls are fully drained, 
through the installation of sub-horizontal drainage holes, weep holes through the shotcrete and sub-soil 
trench drains near the toe. 

The soil nail analyses was carried out with the aid of a computer programme, Snailz, and checked 
using Slope/W, a software programme for assessing the stability of slopes.  The design included 
evaluation of the potential to further limit displacements, where this could be achieved with small 
changes to the soil nail lengths or spacing.  This was important given the uncertainties in the predicted 
displacements, which were calculated using empirical charts by Ambraseys and Sbrulu (1995). 

The soil nail reinforcement used comprises 25 mm diameter deformed Reid Bars (RB25), with 
associated couplers and washer, head plate and nuts.  A 200 mm square plate is used at the heads to 
transfer the shear loads. At the Ghuznee Street Bridge, larger 32 mm diameter Reid Bars with 250 mm 
square plates are used to cater for the additional earthquake design loads at the bridge site.  The soil 
nails generally vary in length from 5 m to 10 m, with 14 m lengths under the western abutment of the 
Ghuznee Street Bridge. The soil nails are typically spaced at 1.5 m horizontal and 1 m to 1.5 m 
vertical spacing. A cumulative total length of over 6,000 m of soil nails was used.  The soil nails were 
double corrosion protected to ensure a 100-year design life in Wellington’s marine environment and 
the layered soils at the site. Double corrosion protection was achieved by pre-grouting the bars into 
corrugated PVC sheaths in the factory, before installing and grouting into 181 mm diameter holes. 
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Soil nail pull-out tests were carried out to assess the soil-grout bond capacity in the variable ground 
conditions at the site during the design phase, and these were supplemented by additional tests during 
the construction phase.  The test results indicated that the soil nails could have ultimate bond 
capacities of the order of 65 kPa to 390 kPa, but considerable displacement of the soil nails would be 
required to mobilise these capacities, for the fine grained soils.  Lower bond capacities were adopted 
based on a maximum allowable level of deformation.   

A feature known as “post-grouting” was incorporated to achieve additional capacity required to ensure 
adequate performance in weaker soils. Post grouting is carried out after the primary grouting of the 
soil nails within the hole, by cracking the primary grout using high pressure water through pre-
installed post-grout tubes, and then pressure-grouting the soil nail through various nodes with valves 
installed in the post-grout tube. Post-grouting ensures that the holes are fully filled with grout. It also 
increases the bond capacity and reduces the deformation required to mobilise the bond capacity. The 
capacity was confirmed through further pull-out tests during construction, and the horizontal spacing 
of soil nails was adjusted in some sections of the wall to 1.25 m based on the results of the tests. 

The walls have a reinforced shotcrete facing to support the slope and transfer loads from the nail 
heads. The shotcrete is a 30 MPa mix with specialised aggregates and plasticizers in order to ensure 
pumpability.  Pre-cast concrete panels above the shotcrete provide an aesthetically pleasing finish. 

9 CONCLUSIONS 

The high seismicity of the area together with the ground and groundwater conditions influenced the 
choice of design concepts for the trench section of the Inner City Bypass in Wellington City.   

Designs to provide an acceptable level of performance for the road, rather than achieve code specified 
levels of safety, were adopted to achieve practical, innovative and economical solutions. 

A propped reinforced concrete trough structure was designed to allow the transfer of earthquake loads 
to the opposite side of the trench where they would be resisted by passive earth resistance during 
earthquake shaking, and to allow limited displacement of the structure in large earthquakes. 

Soil nailed walls were designed to undergo limited displacements during earthquakes, depending on 
the performance requirements of different sections of walls.  Post-grouting of the soil nails was 
adopted to improve nail capacity and limit deformation required to mobilise the capacity.  

These solutions are expected to be resilient even in larger earthquakes, such as a large earthquake on 
the Wellington Fault.  In addition, the concepts adopted led to over 40% savings in the construction 
costs for the trench walls. 

Performance based approaches to earthquake design together with careful selection of the concepts 
can lead to economical and resilient solutions. 
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