
 
 
 

TECHNICAL CHALLENGES INVOLVED IN STRUCTURAL DESIGN & CONSTRUCTION 
OF DIXON STREET UNDERGROUND PUMP STATION IN WELLINGTON, NZ  

 
 

M NIKKHAH1, A WILLIAMS2, C ALLISON2  
 

1 GHD Ltd, Structural, QLD, AU 
2 GHD Ltd, Structural, Wellington, NZ 

3 GHD Ltd, Water, Wellington, NZ 
 
  

 
SUMMARY 
 
GHD delivered preliminary/detailed structural design, tendering, contract administration for a 
new wastewater pump station (PS) in Wellington NZ. This was the first new PS required in 
Wellington CBD for over 40 years with significant challenges for suitable location, existing 
services, operations and maintenance access, stakeholders and with considerable 
multidisciplinary technical challenges for IL4 structure with post disaster function. The 
proposed fibre reinforced segmental caisson construction was a flexible solution to overcome 
the numerous challenges encountered in the complex and congested CBD location, and was 
the key component to the successful delivery of this project. This paper describes the 
challenges involved in structural design and construction of the PS, the innovations and 
solutions to overcome the challenges. 
 
INTRODUCTION 
 
The population of Wellington City is estimated to grow by approximately 50,000 people over 
the next 30 years. Based on Wellington Urban Growth Plan (WUGP), the Victoria Street area 
in the CBD, is classified as a transformational growth area and has the potential to form a 
major population hub with over 7,300 new dwellings. This area (and the wider CBD), has aging 
wastewater infrastructure which will also be significantly undersized for the new residential 
areas. Early investigations by Wellington Water Limited (WWL), identified that imminent new 
high rise residential and commercial developments in the catchment would increase the risk 
of wastewater overflows to the harbour. The preferred solution was to intercept these flows 
and divert them to the main gravity interceptor via a new wastewater pump station. The PS 
would accommodate the additional flows from new developments, alleviating capacity issues 
in the downstream network.  
 
GHD was engaged in March 2017 by WWL to carry out the investigation, design, tender and 
contract supervision for the new PS (and associated pipework). This was the first PS to be 
constructed in the CBD in over 40 years. The CBD location presented significant challenges 
in terms of identifying a feasible location; and managing existing services, providing operations 
and maintenance access, and accommodating third party stakeholders and local business 
needs. Constructing a combined drywell / wetwell water retaining structure, in a difficult 
location, with critical Health and Safety considerations is ultimately, what drove the project 
towards the adopted solution. There were three key stages to add significantly greater value 
to the client as below:  



• Identifying a potential innovative methodology, assessing its risk and working with the 
contractor to realise a successful solution using the innovative methodology.  

• Developing a conforming design solution in collaboration with the preferred tenderer 

• During construction, consistently providing reliable support and multi-disciplinary 
services to manage construction risks and ensure successful project delivery. 

 

         
Figure1- Left) 2018 development in catchment, Right) construction within restricted site  

 
Site Related Complications 
 
The biggest test for this project was finding a system that would provide a water retaining 
structure, accommodate operators, and had a minimal footprint, and which was appropriate 
for use in a challenging urban environment. Complexities encountered in the CBD environment 
included: 

• Constructing a 9m diameter (6.5m internal), 7m deep structure which was 3.5m beneath 
the groundwater table 

• Limited site footprint – Close proximity to a live road (1m), buildings (5m) and accommodate 
movements of a 24t crane  

• Meeting seismic design importance level requirements for critical water asset 

• Maintaining pedestrian / vehicle / cycle access at all times, safely and within time constraints 

• Allowance for construction traffic through the site for the adjacent new high rise apartment 
building development 

• Enabling works to divert a number of existing utility services (gas, HV power, telecoms, 
water, stormwater) 

• Urban design, retaining existing streetscape layout including protection of the area trees  

• Protection to residents and businesses from noise, vibration and general disruption 

• Satisfying WCC Building Consent requirements for the underground structure 
• Contaminated Land and Dewatering Resource consent requirements 

 

CHALLENGES OVERVIEW 
 
In order to offer the best solution to overcome the constraints, GHD convinced client to open 
tender up to invite alternative construction methodologies. Nominated Contractor Brian Perry 
Civil (BPC) proposed a proprietary precast caisson segmental system for the PS structure. 
This presented key benefits over traditional sheet piling methods, including reduced 
construction time / impacts (noise, vibration, plant), and improved H&S considerations. Design 
team worked closely with contractor to ensure the precast segmental system met geotechnical, 
seismic / structural performance requirements and QA requirements for the fibre reinforced 
concrete elements, which were prefabricated in the UK.   
 



The circular fibre reinforced caisson segmental system is an innovative idea which is common 
in UK, Europe and AU. However, not subject to the seismic design challenges prevalent in 
Wellington / NZ. This is the first time that the client had used such a system on any of their 
assets. GHD do not believe that other projects in NZ have designed internal walls to be located 
within a pre-cast segmental structure like this, with the intention of using it as a combined 
operational building and water retaining structure.    
 
The critical challenge was to check the caisson system suitability for a region with very high 
seismic demand and also examine the compatibility of the system with internal fit-out structural 
elements. Some of the other challenges of the project include complexity of the small available 
site for construction, multilevel unreinforced masonry building on the neighbouring sites, soil-
structure dynamic interaction, meeting the strict requirements of IL4 structure for strength, 
serviceability, durability in a region with high seismicity (0.81g PGA) and harsh acidic 
environment of the waste water, fibre reinforced caisson segments interaction with internal 
precast reinforced concrete walls, base slab and PC lid, waterproofing of the segmental 
circular caisson and the complications of the internal PC walls connections to the fibre 
reinforced caisson segments.  
 
Selection of the Construction Methodology 
 
An initial review of the local contractor market indicated that the typical solution would be either 
a caisson or, a sheet piled excavation using cast insitu construction. Conventional construction 
techniques involve propped sheet piles. This method is industry tested, but has limitations 
around HSE (the need for personnel to enter the excavation) and the size of construction 
footprint. It was recognised that there are more efficient methodologies that could provide a 
potential to achieve significant cost savings and risk reduction. The structural team had in mind 
a proprietary precast concrete segmental structure using a caisson sinking technique. Open 
caisson methodology enables a shaft structure to be sunk, generally under its own weight, in 
a controlled manner from the surface to a predetermined depth. 

 
Figure 2 – Open Caisson Methodology (FP McCann – Precast Tunnel & Shaft Solutions) 

 
The multi-segmental caisson technology retains the surrounding soil, eliminating the need for 
extensive enabling works and therefore minimising impact on the surroundings. It also provides 
benefits such as reductions in; installation time, construction impacts (noise / vibration / 
machinery) and mitigation of significant risks such as the distance from adjacent buildings / 



live road and working below the ground water table. Additionally, all excavations inside the 
shaft can be managed by machines, removing the need for people to work within deep 
excavations / confined spaces. The segmental system also provides the added benefit of not 
requiring any above ground construction and permits the use of hydraulic jacks rather than 
relying on the mass of the structure to sink the caisson. 
 

                                 
    Figure 3) Left: Cutter ring arrangement/installation, Right) Excavation inside the caisson     
 
GHD had initially proposed a rectangular caisson as the baseline construction methodology 
and welcomed alternative tenders for potential methodologies that the client had not used 
previously. In addition, general arrangement drawings were included for a circular structure 
expecting that contractors that proposed a circular structure were more likely to consider a 
proprietary system. 
 
Brian Perry Civil (BPC) submitted such a system, providing an innovative tender proposing a 
proprietary precast caisson segmental system. Such precast segments are not readily 
available in Oceania and BPC proposed to source these from the UK where this type of 
methodology is more common, however not subject to the seismic design challenges prevalent 
in Wellington / New Zealand. The structure would have rigid internal walls, to separate the 
required wet well and dry well and it had to be designed to accommodate potential 
displacement induced by severe seismic demand in Wellington area.  
 
High Seismic Demand  
 
The pumping station is classified by WWL as a critical asset and therefore was designed to 
Importance Level 4 and must be operational immediately after an earthquake or other 
disastrous event. The post-disaster functional requirements for IL4 are similar to important 
state highway bridges. 
  

Table 1- Seismic Parameters 
Load 

Case 

Performance Requirement Annual Probability 

of Exceedance 

PGA (g) Earthquake 

Magnitude 

 (SLS) No damage. No loss of service. No repairs required. 1/25 0.11 6.2 

 

(SLS2) 

No loss of service (operational continuity). Repairable 

damage.  Interpreted: No loss of water-tightness/tolerable 
water ingress permitted. 

1/1000 0.59 7.1 

 (ULS) No loss of life, no collapse. Damage may be uneconomic  
to repair. May lose water-tightness. 

1/2500 0.81 7.1 

MCE No collapse. Damage likely to be uneconomic to repair. N/A 1.5*ULS 7.5 

1. Interpreted based on the philosophy of the NZ loadings code with a performance based design framework.  
2. PGA values unweighted, as provided in the NZTA Bridge Manual (2016). 

 
The geotechnical report by GHD specifies Class C site. This is more onerous for deriving PGA 
amplitude than Class D/E for an underground structure. In addition, the SLS and MCE load 
cases are also required by the NZ loadings code. For the MCE, NZS1170.5 presumes there is 
a factor of safety between ULS and collapse of between 1.5 and 1.8 on loads or displacements, 
and for normal structures, this is implied but not checked explicitly. A collapse check has been 



considered as 1.5*ULS loading, following the NZTA Bridge Manual (2016) and the implied 
safety margin in the NZ loadings code. 
 

Ground assessment, seismic analysis and structural design for strength, serviceability and 
durability requirements were undertaken to ensure the precast and in-situ internal walls were 
designed to work together with the external caisson shaft and the whole structure would 
perform effectively and remain operational in the event of an earthquake. 
 
Multidisciplinary, Collaborative Teamwork 
 

The circular fibre reinforced caisson segmental system is common in UK, Europe and AU. 

However, not subject to the seismic design challenges prevalent in Wellington / NZ. One of the 

primary complexities of the project was to demonstrate that this system could be used in a 

region of high seismicity. GHD worked collaboratively with BPC and their sub consultant, Arup, 

over a 4 months period to confirm the structure would meet building consent requirements for 

performance in a seismic event. This included assessing ground conditions, seismic modelling 

and defining structural performance requirements to ensure that the in-situ walls could be 

designed to work together with the external structure and the whole structure would perform 

effectively in an earthquake.  

GHD reviewed the manufacturer (FPM) demonstrated static structural analysis/design of the 

proprietary fibre reinforced segmental system. Arup provided a design basis and supporting 

information that showed the caisson could remain intact when subjected to the ULS seismic 

ground accelerations and ground deformations. Furthermore, it was crucial to demonstrate that 

the internal walls of the caisson did not compromise the integrity of the caisson and vice versa. 

GHD provided the design basis and feedback to Arup and reviewed the caisson-internal walls 

seismic interaction. This design challenge was met by illustrating that the restraint created by 

the internal wall was within the capacity of the caisson elements. In addition, GHD was able to 

demonstrate that the loading imposed by the surrounding ground deformations could be 

accommodated by the internal partition walls. 

                 
Figure 4- Right) Seismic analysis and review flowchart, Left) PC internal walls installation 

 
Structural Analysis of the System 
 

The structural response of a buried structure to a seismic event is dependent upon the shear 

deformation transferred from the soil mass surrounding the structure, the seismic loading 

transferred from any connected structure above the ground, and the interaction between the 

soil and the structure (Arup Technical Note, 2018). The methodology followed herein to assess 

these effects is as follows:  



1. Development of a model of the ground conditions  
2. Estimation of the free field ground distortion by a simplified site response analysis  
3. Application of the seismic loads (inertia) and ground deformation (kinematic loading) to the 
structure in combination.  
 

The response of the structure to the event is then quantified in terms of displacements and 

forces generated in the structural elements. The methodology described is based on the 

recommendations by the Earthquake Engineering Committee of the Japan Society of Civil 

Engineers (JSCE, 1992), and other publications in the literature (e.g. Anderson et al. 2008, 

Free et al. 2001).  

 

Figure 5- Flow chart for seismic design of below ground structures (based on JSCE 1992, after 

Free et al. 2001) - No super-structure loads in Dixon St project case 

 
A displacement-based approach was used by Arup to evaluate the performance of the FPM 
segmental lined shaft during an earthquake event. The connections between segments and 
rings are not considered as structural elements due to possible corrosion damage during the 
design life of the structure. With the segments confined by earth pressure, the structure will be 
flexible and conform to the ground movement imposed by the earthquake event.  
 
In assessing of the structural actions on the internal wall, it was assumed that the largest 
impact on the wall will be when peak ground movement occurs in the orientation of the cross-
wall. The structure was modelled as a stiff pile embedded in the soil. A half-circle structural 
model of the caisson ring was constructed in a structural finite element analysis software, 
Oasys GSA, to determine the additional bending on segments that were to be structurally 
attached to the internal wall. The lateral loads on the “pile” were largest within the upper-portion 
of the ground profile. The ring beam was assumed to provide adequate restraint to the caisson 
segments to allow the first ring to move with the ground while staying in shape. The seismic 
pressure was taken as the maximum dynamic lateral earth pressure from >1 m depth below 
ground level from the ALP analysis. It was found the effect from the internal wall is most 
adverse if it is placed at the mid-span of the segment.  



 

Performance of the Segmental Shaft with Internal Cross-Wall  
 
Seismic actions were assessed by Arup on the internal structural cross-wall for consideration 
by the GHD as the designer of the pump station. The loads induced in the wall were relatively 
small compared to the expected in-plane capacity of a shear wall of the dimensions proposed, 
and on this basis it would be unlikely to have a significant impact on the design of the internal 
cross-wall.   
 
Based on the analysis, during the ULS event, the bending moment imposed on the segment 
connected to the internal wall will exceed the bending capacity of the segment at the 
corresponding compressive axial load (as assessed from the axial-moment interaction diagram 
provided by supplier FPM). However, it was noted that the during a ULS seismic event, the 
affected segments would be expected to develop cracks at the connection. The formation of 
plastic hinges about the wall location, will allow the segmental lining to deform to the ground 
movement profile, in similar fashion to the hinge-connections between adjacent segments 
forming the ring of the liner, and this behaviour is expected to be ‘ductile’ and not form a 
collapse mechanism. In addition, there were conservative contingencies within the analysis. 
The static lateral ground pressure will likely be between Active (KA) and At-Rest (K0), thus the 
axial hoop force will likely be slightly higher than assumed. A fixed boundary condition was 
assumed in the analysis, but in reality the soil on the opposite of the shaft will also be moving 
with the surrounding soil, and therefore the dynamic lateral earth pressure applied onto the 
caisson is conservative. The ALP model ignores the base resistance of the shaft and solely 
relies on the lateral earth springs to provide resistance and therefore calculated lateral earth 
pressure from seismic displacement will be lower. The worst case ground displacements were 
adapted in the model (soil softening/ higher water level) with stiffer soil p-y curves, resulting in 
worst-case loads. 
 
Segmental Shaft Seismic Analysis Summary and Recommendations 
  
The segmental fibre reinforced circular caisson is assumed free to move with the ground to 
accommodate any ground movement. The introduction of internal walls in the system have a 
significant impact on the behaviour of the flexible caisson rings. A separate analysis will be 
required on a case-by-case scenario to assess the impact of rigid walls cast against the 
caisson rings. In larger ground displacement scenarios, internal walls should be designed to 
accommodate vertical movement joints to ensure structural separation, and allow the 
segmental lining to freely deform with the soil. The impact of cyclic softening and liquefaction 
could be significant depends on the soil conditions (not critical at the Dixon Street site), 
requiring more advanced site response analysis methods than considered at this site.  
 
Structural Design of Supplementary Structure  
 
Where standard NZ PS construction has the flexibility to modify the external structural to 
accommodate adjoining internal walls, pump stations formed as segmental caisson structures 
in the UK / Europe are wet well only designs. In NZ, and for the size of pumps required, the 
WWL Regional Standard stipulates a separate dry well to house pumps and controls. GHD 
design team demonstrated innovation in the integration of internal walls with the modular 
caisson walls to create water retaining chambers in this project. The design solution ensured 
that the internal walls could be integrated with the segmental structure to perform as an overall 
system. For this purpose, the boundary conditions including the connections of the internal 
walls, base slab, lid and shaft were chosen very carefully. This was critical to ensure that if 
there was a significant seismic event, the structure would retain water tightness (from external 
groundwater and internal wastewater), and maintain structural integrity as well. This stage was 
completed in collaboration with the contractor to ensure the proposed solution was 
constructible. Integrating the modular caisson and supplementary structure reduced the need 



for separate wet and dry well structures. This approach allowed the use of proprietary elements 
in the caisson, which had significant material and programme efficiencies. To ensure that the 
design of the balance of structural items is compatible with the caisson system, the following 
details were required:  
 

• Base slab design and the plug connection details considering the water uplift 

• Internal wall design and connection to shaft 

• Platform/pipe and fixing of supplementary steel work to walls/shaft  

• Collar design 

• Lid PC slab, associated connections  

• Treatment of the lid and wall penetrations 
 

                

Figure 6- Left) 3D model - general arrangement of caisson and supplementary structure,  
Right) Plan view - internal PC/RC walls & caisson segments connection details 

 

In structural design of these elements, demonstrating the ULS strength requirements were 
not the controlling part. Provision of SLS2 and SLS requirements and also demonstration of 
the durability for the details were the main design criteria. This was completed by proactive 
approach to the contractor to ensure the constructability of the design solutions. The internal 
precast RC panels were detailed and integrated utilising insitu RC stiches to the segmental 
circular segmental fibre reinforced shaft.  

 
Serviceability, Durability & Waterproofing 
 

The wet wall side of the PS is not ventilated and potentially is exposed to H2S which fits to 
class C exposure. This makes it very difficult to meet the SLS2 crack control and shrinkage 
requirements. Table 1 summaries the SLS2 parameters for crack control & concrete shrinkage.   

   
Table 2- Crack control and shrinkage parameters 

Load 
Case 

Exposure 
Class 

(NZS3101) 

Annual 
Probability of 
Exceedance 

PGA 
(g) 

 

Design 
Life 

Max Crack 
Width (mm) 

Min 
Cover 
(mm) 

fs - steel 
max stress - 
MPa 

Early age shrinkage – 
Reinforcement Ratio 

(SLS2) C 1/1000 0.59 100 0.2 65 240 0.47% For HD16 bars 

In accordance with AS/NZS1170.0, NZTA Bridge Manual, NZS3101 & NZD3106 

 

Waterproofing of below ground structures and water retaining structures can only be achieved 
by careful design, the right choice of waterproofing materials plus professional workmanship 



with quality control on site. GHD design team worked closely with the contractor and 
waterproofing product manufacturer (SIKA) to specify the efficient and workable solutions for 
the highly complicated connections and stitches of the circular caisson segments and the PC 
and in-situ walls. A combination of multiple waterproofing systems were used to achieve 
watertight, durable and flexible performance to seal the joints with high movement potential.  

                            
Figure 7- Right) Waterproofing Plan & legend, Left) Waterproofing section 

 
Geotechnical Issues 
 
The main geotechnical risks identified were to the surrounding infrastructure and adjacent 
buildings with shallow foundations due to settlement induced by groundwater drawdown. 

• Caisson rotation / tilt / misalignment, causing interlock with the surrounding ground  

• Dense gravels at depth that caisson may refuse or be unable to advance due to 
collapse and side adhesions. 

• Although not a high construction risk, the installation of a caisson had significant liability 
implications to stakeholders involving surrounding infrastructure damage resulting from 
ground settlement induced by groundwater drawdown during excavation.  

 
Unreinforced Masonry Buildings 
 
Unreinforced masonry buildings were located only 5m away from proposed excavations and 
therefore required to be evaluated to ensure this would maintain structural integrity, as they 
would be extremely sensitive to damage from settlement and vibration during PS construction. 
This complexity was met with both the construction methodology and the engagement of the 
building owners and tenants. The caisson construction method in the required location ensured 
that: 

• The extent of excavation was reduced ensuring it was as far away from surrounding 
buildings as possible 

• The excavation work could proceed beyond the groundwater table without the requirement 
for dewatering, thus removing the associated risk from groundwater induced settlement. 

• Mass concrete outer ring enables hydraulic jacks to be used to push against and ease the 
structure into the ground, virtually removing any vibration induced movement 
 

Working through the Water Table 
 
Early in the design stages, GHD identified that a large volume of dewatering may be required 
during construction. Dewatering presented a significant risk to the project, mainly from potential 
settlement of surrounding unreinforced masonry buildings. Using a precast segmental caisson 



system reduced the volume of dewatering required, and therefore the risk to the project. The 
caisson rings simultaneously formed the structure, and blocked groundwater from entering the 
excavation from the sides. The precast system reduced construction time significantly, which 
in turn, reduced the dewatering volumes. During construction, real time groundwater 
monitoring ensured that the efficiency of the dewatering process was maximised. Pouring the 
mass concrete base plug into the void at the bottom of the structure was a critical stage as it 
forms a temporary base which resists potential ground heave / uplift from water pore pressures.  
 
EFFICIENT DELIVERY OF PROJECT OBJECTIVES & CLIENT SATISFACTION  
 
The project was a resounding success, however it was subject to some significant challenges. 
This resulted in increased costs and minor programme delays, however, innovative and 
proactive thinking ensured issued were successfully overcome keeping overruns to a 
minimum. The construction methodology is cheaper, faster and safer than traditional 
methodologies that require many more human interactions with the structure. As the segments 
were bulk manufactured, and not cast on site, less construction equipment was required. This 
allowed the site footprint to be shrunk and reduced health and safety risks to workers and the 
general public. The minimisation of plant and equipment also reduced the construction noise, 
and the impact on local stakeholders. With a great team effort, the structural design and 
construction of the PS was successfully completed and caisson construction was completed 
within programme. As the conclusion the project received high praise from the client (WWL) 
for “the innovative approach and working in a challenging urban environment”. The project is 
a great example of early engagement and working closely with the contractor to present the 
workable and innovative structural solutions with significant multidisciplinary coordination.  
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