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ABSTRACT: The Westshore Bridge is a typical short to medium span structure located 
on SH2 within Napier City and was built in 1960. It comprises 3 spans of 20m prestressed 
concrete T-beam superstructure supported on cap beams that are founded on 406mm 
octagonal prestressed concrete piles. Critical city utilities including power, 
telecommunications, gas, sewer and water services are carried on the bridge. Detailed 
geotechnical assessments identified liquefaction and embankment instability hazards and 
pushover analyses identified structural vulnerabilities in the pier caps and piles. 

The most cost effective option to secure the bridge to the 500 year event level and to 
prevent catastrophic bridge failure in the 2500 year event was to convert the simply 
supported superstructure to a rigid diaphragm and enhance abutment stability. The retrofit 
included installing 12m long sheet pile walls at the abutments with return walls and new 
capping beam, and, installing 710kN and 590kN yield strength linkage rods in tight 
working spaces between the outer beams above water at both piers. 

Construction challenges included work around the existing sewer and gas services and 
limiting adverse effects to the bridge structural integrity as a consequence of the seismic 
retrofit work. 

1 INTRODUCTION 

In 2005 the New Zealand Transport Agency (then Transit New Zealand) made a decision to proceed 
with a detailed seismic assessment of the SH2 Westshore Bridge and commissioned Opus 
International Consultants Limited to undertake the work. 

Initial analysis determined that geotechnical features would be significant for this bridge founded at an 
estuarine site and the brief included detailed geotechnical investigations and analysis. Subsequently a 
structural strengthening scheme was developed and accepted by the New Zealand Transport Agency. 

The seismic retrofit construction work commenced in November 2009 and was successfully completed 
in July 2010. 

This paper describes the background to the project, aspects of the detailed seismic assessment, design 
and construction and highlights factors that influenced the project. 

2 HISTORY OF BRIDGE 

2.1 Westshore and surrounds 

The Westshore Bridge was constructed by the Napier City Council in 1960 to provide more direct 
connectivity to the developing suburb of Westshore. Prior to its construction Westshore was connected 
to Napier via a timber footbridge at the proposed bridge site and the combined road and rail Westshore 
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(Embankment) Bridge located adjacent to the State Highway 2B alignment shown on Figure 1. This 
road route also formed the main highway north of Napier. The original Westshore (Embankment) 
Bridge was constructed in 1917 and suffered significant damage in the 1931 Hawkes Bay earthquake, 
refer to Figure 2. Following repairs the bridge continued in service for both road and rail until the late 
1970’s. Currently this bridge carries restricted rail loadings and pedestrians on the Department of 
Conservation estuary walking tracks. 

The Westshore Bridge was under construction when the 3.6m tsunami generated by the 1960 Chilean 
earthquake struck, severely damaging the timber footbridge, refer Figure 2. The records are not clear 
what damage, if any, occurred to the Westshore Bridge during this event. 

 

 

 

 

 

 

 

 

 

Figure 1: Site plan and location of the Westshore Bridge 

 

 

 

 

 

 

 

Figure 2: Damage to the Westshore Embankment Bridge and approaches in the 1931 Hawkes Bay earthquake 
(left and centre) and timber footbridge after the 1960 Chilean earthquake tsunami (right).  

2.2 Westshore Bridge 

Westshore Bridge, refer to Figure 3, was designed to H20-S16-44 live loading as 3 x 20m simply 
supported haunched prestressed ‘T’ beams (18 off) supported by abutment and pier caps on 406mm 
octagonal prestressed piles. The bridge has no skew, a roadway width of 11.0m, a 1.49m wide 
footpath on each side and a 0.4% longitudinal grade. The abutment piles (8 at each abutment) are 
vertical and the pier piles (13 at each pier) are raked at 6:1 in both directions. Wall up-stands are 
provided above the caps at both the piers and abutments. Tight longitudinal linkage was provided at 
the piers and abutments but no hold down bolts were provided. 

In the mid 1970’s the New Zealand Transport Agency (then National Roads Board) (NZTA) relocated 
State Highway 2 onto the Westshore Bridge and became responsible for the structure. The bridge is 
found to have comprehensive as-built records for the superstructure, sub-structure, piles (pile lengths 
have been recorded) and geotechnical information for the site. 

While the Westshore Bridge is a typical short/medium span structure it is unique in being the first 
prestressed concrete bridge constructed in Hawkes Bay. 
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Figure 3: SH 2 Westshore Bridge (seaward side from the Westshore abutment) 

3 ISSUES SINCE CONSTRUCTION 

3.1 Foundations and Waterway 

The Westshore Bridge has experienced full highway loadings for over 35 years and many minor 
earthquakes, tsunami and floods. Throughout its life the bridge has not exhibited any settlement and 
the structure has performed well. 

The bridge site has experienced approximately 2m of bed degradation since construction with this 
being slightly more than that expected by the designers. 

3.2 Bridge Condition 

During construction the bridge beams exhibited cracking in the anchorage ends of the beams. This was 
remedied during construction by providing cast insitu reinforced concrete diaphragm blocks between 
all the beams to enhance concrete containment. The remedial work undertaken has made it difficult to 
confirm the connectivity and hence predict response of the various pier and abutment components. 
With the marine environment various concrete repairs have been implemented over the bridges life. 

In 1979 mid-span diaphragms were added to the structure to increase lateral load distribution for 
heavy highway traffic. This work also enhanced the lateral connectivity of the superstructure. 

During a bridge inspection in 1992 it was found that the 2 x 7.0mm diameter prestressing wire tight 
linkage provided at the insitu stitch concrete between each of the ‘T’ beam flange tips had failed at 
each pier due to continuity stresses and corrosion. In 1993 four 210kN yield strength linkage bolts, 
spread uniformly across the superstructure cross section, were installed at each pier. While there was 
uncertainty with the integrity of the abutment/beam linkage the 445mm beam end overlap exceeded 
the minimum in the Bridge Manual (2004) for no linkage and hence no work was undertaken at that 
joint at that time. 

3.3 Utilities 

The bridge was designed to carry services with a connected service bridge provided on the inland side 
for large service pipes and ducts provided under the footpaths for cable and small pipe services. 
Currently there is a gas line, a water main, a sewer and an unused water pipe located on the inland 
service pipe bridge. The inland footpath duct carries communication cables and the seaward footpath 
duct carries two 11kV power cables. 
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In 2000 and as part of the Hawkes Bay Engineering Lifelines project a workshop was held to better 
understand and quantify the interdependencies of the various utility networks in Hawkes Bay. The 
results of this workshop are presented in Hawkes Bay Engineering Lifelines (2001). The Westshore 
Bridge on SH2 was specifically identified as a critical asset for many lifelines. 

4 SITE SEISMICITY AND HAZARDS 

Hawkes Bay is known for its earthquake history and activity. A zone factor Z of 0.38 is specified for 
Napier in NZS 1170.5: 2004. This is in the mid range of code zone factors indicating a moderate to 
high risk from damaging earthquakes. 

The Probabilistic Seismic Hazard Analysis model, developed by the Institute of Geological and 
Nuclear Sciences and as outlined by Stirling (2000), sets out information on active faults near the 
bridge site. The bridge is located approximately 4km from the active Napier Fault with a recurrence 
interval of 2,500 years and a characteristic magnitude of 7.8. This fault ruptured in the Napier 1931 
earthquake. There are a group of five active faults within 30km of the bridge. The most notable of 
these is the Hawkes Bay Fault with a recurrence interval of 1,250 years and characteristic magnitude 
of 7.3. 

In addition to the active faults the Hikurangi subduction thrust between the Pacific Plate and 
overriding Australian Plate is located at a depth of approximately 30km beneath the bridge site and 
also contributes significantly to the risk of strong shaking at the site. 

The September 2010 Darfield earthquake (Palermo et al 2010) highlights the need to assess the subsoil 
response to ground shaking and subsequent soil-structure response to determine bridge risks. 

Currently the Bridge Manual (2004) has no requirement to design new bridges or evaluate existing 
bridges for Tsunami loading. For the seismic retrofit project NZTA agreed there would be no specific 
design required but the general structure robustness was to be enhanced as appropriate to improve 
structure resilience and also to improve the bridge performance for tsunami events. 

5 INVESTIGATIONS 

5.1 General 

The investigation programme for the detailed seismic assessment was staged and focussed on 
quantifying and better defining the subsoil conditions and geotechnical hazards at the site and ensuring 
the best available structural data was used for quantifying the bridge vulnerabilities. 

5.2 Structural investigations 

Structural investigations were limited to confirming the as-built drawing details. Minor discrepancies 
were found in reinforcing details, associated with connectivity of the pier and abutment wall up-
stands. It was not cost effective to undertake investigations to resolve the discrepancy but rather to use 
the conservative information in the analysis. Based on previous investigations on the Westshore 
Bridge the materials specified on the as-built drawings were adopted for the structural analysis. The 
analysis was undertaken assuming ‘as new’ material section sizes and adjusted when there was known 
section loss due to corrosion. The material assumptions used are consistent with those specified in the 
NZTA Bridge Manual (2004) for evaluating live load carrying capacity. 

The following characteristic material strengths were used:

Pier and abutment concrete  f’c = 21MPa  (3,000psi) 

Beam concrete       f’c = 38MPa  (5,500psi) 

Reinforcing steel      fy  = 250MPa (36,000psi) 

Prestressing steel      fu  = 1,550MPa (100Tsi) 



5 

The over strength factors of 1.1 for steel and 1.3 for concrete recommended by Priestly et al (1996) 
were applied in the analysis. 

5.3 Geotechnical investigations 

The geotechnical investigations undertaken supplemented existing information and improved 
reliability of the information used in the soil-structure analysis. Initial Cone Penetrometer Testing 
(CPT) undertaken utilised a 20cm soil depth sampling interval and identified the presence of two very 
soft clay layers (Undrained shear strength of between 0.13 and 0.15MPa) between 5.0-5.4m and 6.2m-
7.4m depth below the Napier abutment. A similar strength layer was indicated between 5.1m-8.7m at 
the Westshore abutment. Initial slope stability analyses indicated abutment embankment failure would 
occur with a 40 year return period earthquake and this was considered overly conservative and there 
was an expectation the ground conditions at the Westshore abutment would be more competent than 
those at the Napier abutment. 

A more detailed investigation programme was planned with this involving a new borehole and one 
new CPT at each abutment and using a more sensitive test rig and equipment capable of soil depth 
sampling at 1cm interval utilising an electropiezocone. This investigation identified only one low 
strength layer on the Napier abutment, between a depth of 4.85m and 7.11m (with Raymond N = 4) 
and no weak layers at the Westshore abutment. This testing also confirmed the bridge piles were 
founded in dense sand and gravels (with Raymond N > 30). 

From the soil parameters measured horizontal soil stiffness parameters were developed, using the 
coefficient of subgrade reaction, to allow Winkler Spring data to be determined for the soil-structure 
modelling. The site data was compared to the industry accepted values, Terzaghi (1955), before 
determining those for use in the analyses. 

5.4 Liquefaction and lateral spreading 

Based on the effects of the 1931 earthquake there was particular interest in the potential for 
liquefaction at the Westshore Bridge site. With the detailed subsoil information obtained the method 
for determining susceptibility to liquefaction as outlined in Youde and Idriss (2001) was used. Peak 
ground accelerations were determined using the information in NZS 1170.5 (2004), with the site 
classified as shallow soil. The following ground accelerations were determined: 

Table 1: Peak Ground Acceleration vs Return Period 

Magnitude Weighted PGA 0.18g 0.51g 0.58g 0.76g 

Return Period (Years) 50 500 700 1,500 

This assessment found that up to 20% of the subsoils at the Napier abutment may liquefy at PGA of 
between 0.58g and 0.76g. Similar analysis of the Westshore abutment soils indicated that up to 7% 
may liquefy at the same PGA’s. Following further examination of the laboratory sieve analyses it was 
determined that only a 0.7m layer at the base of the Napier embankment fill had potential to liquefy. 

It was concluded the structural analysis should investigate the effect of combining low lateral support 
with high lateral earth pressures on the Napier abutment. With the piles founded below the liquefiable 
layers seismically induced settlement and loss of pile bearing capacity was considered unlikely. 

5.5 Embankment stability 

Slope stability analyses were undertaken for both the Napier and Westshore approach embankments in 
both the longitudinal and transverse directions. In the longitudinal direction the models included the 
restraint offered by the abutment piles. The slope analysis also allowed for the strut effect provided by 
the superstructure. Liaison between the bridge evaluator and the geotechnical analyst confirmed the 
load demand required for the slope analyses could be realised within the superstructure elements for 
the different load cases considered. 

The slope analyses modelled both static conditions and a range of seismic events, refer to Table 1 
above. From the analyses it was found that both the Napier and Westshore embankments had 
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acceptable static factors of safety, 1.37 and 1.50 respectively, and that the factor of safety reduces to 
1.0 under a 0.38g peak ground acceleration. It was hence concluded that for earthquake events greater 
than 250 year return period longitudinal earth pressure loadings needed to be taken into account. 

Slope stability analyses undertaken in the transverse direction did not take into account restraint 
offered by the services, steel water and gas pipes, or that provided by the shoreline rock rip rap 
protection. These analyses determined that the stability of both abutment embankments was 
compromised in an earthquake event of 75 year return period (Critical PGA = 0.23g).  

6 STRUCTURAL PERFORMANCE 

6.1 Analysis 

Initial structural analysis was undertaken using an equivalent static model. This determined the critical 
vulnerabilities to be shear in the pier upstand wall and flexure in the pier caps, in addition to 
confirming the need to better quantify the geotechnical risks. 

With better defined subsoil materials a more refined ‘push over’ structural analysis was undertaken. 
This analysis recognised different abutment embankment response and assessed the existing structure 
and proposed retrofit option responses. The analyses confirmed the bridge would perform better than 
earlier predictions, confirmed the vulnerabilities and provided more reliable response data. Examples 
of the pushover analysis output are presented in Figure 4 below, for the longitudinal response both 
without and with the proposed abutment retrofit. 

 

 

 

 

 

 

 

 

Figure 4: Pushover analyses output – longitudinal response for the original bridge (left) and retrofitted bridge 
(right) 

6.2 Retrofit Options 

With the existing bridge being 50 years old a retrofit design standard lower than that in the Bridge 
Manual (2004) is justified, provided the ultimate 2,500 year event specified in the Bridge Manual 
(2004) could be accommodated without collapse. A design event of 500 years was adopted. Two main 
retrofit options were considered, being: 

Option A (Ineffective Deck Diaphragm): strengthen the abutments by using 12m long sheet piling 
with return walls and capping beam linked to the abutment to overcome both the geotechnical 
vulnerabilities and limit abutment pile displacements to within the original ductility capacity, and, 
retrofit the pier piles to improve the ductility capacity to match the retrofitted response. 

Option B (Effective Deck Diaphragm): strengthen the abutments by using 12m long sheet piling with 
return walls and capping beam linked to the abutment similar to Option A, and, provide multiple deck 
edge linkages (2x710kN and 2x590kN yield strength each side) to achieve a deck diaphragm and limit 
the pier displacements to within the available limits of the pile ductility. 

Both options were assessed to have similar costs. While Option A had the added benefit of addressing 
pile corrosion in the intertidal zone it was decided that Option B provided a more robust and resilient 
bridge, especially when the utilities and tsunami loads were considered, refer to Figure 5. 
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Figure 5: Westshore Bridge longitudinal section and typical cross section with the option B retrofit work 
included. 

7 CONSTRUCTION 

With the expected construction vibration and proximity of the Napier City Council water services it 
was agreed to undertake enabling work that involved reducing the size of the adjacent sewer manhole 
chamber, replace 16m of earthenware pipe with jointless HDPE and extend the steel watermain by 
12m to ensure the water main joint (steel/AC) was located away from a cross over with the sewer. The 
other utility operators considered the retrofit work would fit around their services. 

The construction work was tendered by NZTA in late 2009 and Brian Perry Civil of Hamilton was the 
successful contractor. The work programme was controlled by the supply of the imported sheetpile. 
Initial actions included property owner and community liaison, checking as-built dimensions to 
confirm design details and fabricating the linkage steelwork. Design of scaffolding and a method for 
transporting and lifting the heavy steel sections into the confined spaces were also developed. 

As a final confirmation of services each utility operator was requested to confirm the location of their 
services. Figure 6 shows the general proximity of the various services at the Napier abutment. During 
this process it was found the gas line turned from the inland utilities bridge across to the road 
centreline within 2m of the abutment and hence conflicted with the Westshore abutment strengthening 
work and required the retrofit work to encompass the gas line. While this initially was not acceptable 
to the gas operator a detailed assessment of the clearances that could be achieved (300mm from the 
modified sheetpile concrete cap design) resulted in a solution acceptable to all parties. 

The large diameter linkage holes required to convert the superstructure to a deck diaphragm resulted in 
drilling through transverse prestressing wires in the pier upstand walls and this compromised wall 
integrity. The remedial work involved drilling and excavating deck joint concrete centrally over the 
pier upstand wall to install a 60mm steel duct to take a 12 x 7mm diameter wire post tensioned 
prestressing tendon and then fully pressure grouting the duct. 

The retrofit work also included upgrading of the utility bridge to ensure it provided a level of seismic 
resistance consistent with the retrofitted bridge. The retrofit work was completed in July 2010. 
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Figure 6: Westshore Bridge seismic retrofit work at the Napier abutment. 

8 CONCLUSION 

The seismic retrofit outlined above achieved a cost effective means of strengthening the SH2 
Westshore Bridge. The importance of obtaining high quality geotechnical information is highlighted. 
The standard of the retrofit design was not to the code level for a new bridge but to one appropriate for 
the age of the structure. With the pushover analysis confirming a satisfactory response under the 2,500 
year earthquake event the bridge is considered to have a level of strength consistent with the remainder 
of the state highway network. By adopting a more robust and resilient retrofit option it is considered 
the level of seismic protection for the utilities and response to tsunami loads will be satisfactory.  

REFERENCES:  

New Zealand Transport Agency 2004. Bridge Manual: Second Edition. New Zealand Transport Agency 
SP/M/022 

Hawkes Bay Engineering Lifelines 2001. Facing the Risks. Report on the Hawkes Bay Engineering Lifelines 
Project, Hawkes Bay Regional Council, Plan No 3065 

Standards New Zealand 2004. NZS 1170.5 Structural Design Actions Part 5: Earthquake Actions – New Zealand 

Stirling M.W. 2000. A new probabilistic seismic hazard model for New Zealand. Proceedings of the 12th World 
Conference on Earthquake Engineering, Auckland, New Zealand 

Palermo A., Le Heux M., Bruneau M., Anagnostopoulou M., Witherspoon L. and Hogan L. 2010. Preliminary 
findings on performance of bridges in the 2010 Darfield earthquake. Bulletin of the New Zealand Society for 
Earthquake Engineering. 43(4). 412-420. 

Priestly M.J.N., Seible F. and Galvi G.M. 1996. Seismic Design and Retrofit of Bridges. John Wiley and Sons, 
New York. 

Terzaghi K. 1955. Evaluation of coefficients of subgrade reaction. Geotechnique Vol 5 pp 297-326 

Youde and Idriss 2001. Liquefaction resistance of soils: Summary report from 1996 NCEER and 1998 
NCEER/NSF workshops on evaluation of liquefaction resistance of soils, Journal of Geotechnical and 
Geoenvironmental Engineering 127(4). 297-313. 


