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Abstract: This paper will be discussing the D&C remediation project of Rawdon Island Bridge in
Sancrox, NSW. A combination of aggressive waterway conditions and poor original construction
detailing resulted in significant deterioration across the entire bridge. In March 2021, flooding prompted
investigations of the bridge which resulted in the identification of several significant structural issues.
This led to the immediate closure of the bridge, stopping all vehicle access to the nearly 60 rural
residences on the island. This major project was divided into two critical scopes to focus on the below
water and above water elements.

For the below water scope, 11 of the 14 piles required specialised grout placement, micro piling, and
additional concrete encasement, which contained a provisional impressed current cathodic protection
(ICCP) system. This work was designed to strengthen and extend the life of the existing piles. Each
aspect of this scope faced significant adversity including poor visibility, strong river currents, continual
wet weather and the threat of bull sharks all of which tested the specialised remediation team.

The above water works included engineered pile strengthening, a dual zone ICCP system and
conventional concrete repairs with surface protection treatments. These were incorporated into the
repair design to increase resilience against the harsh conditions, extending the life of the bridge
structure. These works also faced unique challenges. Three major flooding events resulted in the
complete removal and rebuild of the suspended scaffolding access system. The works even required
the relocation of a Southern Myotis colony living on the bridge, an endangered species of Australian
Microbat.
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1. Introduction

Rawdon Island Bridge (RIB) is a 164-metre-long bridge located within the Port Macquarie Hastings
Council (PMHC) local government area. It was originally constructed in the early 1960’s, providing a
crucial vehicle link between the two coastal communities of Sancrox and Rawdon Island. Since
construction, it has remained the only land access to the small community, becoming an essential traffic
route utilised by residents, businesses and primary producers located on the island (1). An overview of
RIB is illustrated in Figure 1 below. The bridge comprises of a reinforced concrete deck and diaphragms
supported by pre-cast, post tensioned girders that sit on top of in-situ reinforced concrete headstocks
and bladewall piers. The piers are supported by reinforced concrete dual piles anchored into bed rock.

Figure 1 Rawdon Island Bridge Layout

Significant flooding in the PMHC catchment area in March 2021 prompted initial dive inspections
which identified several major structural issues. This resulted in restrictions being immediately placed
on the bridge, effecting the access of the entire community and leaving the council with a significant
problem to solve.



2. Investigation
Following the initial dive inspection, Duratec was engaged by PMHC to carry out a Level 3 inspection
(2) of RIB which included below and above water assessment.

2.1. Below Water

The below water scope of works typically followed the Transport for NSW underwater inspection
specification (3) which provided a quantification of the identified pile defects. Representative material
sampling for petrography, XRD, sulphate, carbonation depth and chloride ingress testing was also
conducted. The aim of this testing was to determine the likely causes of the deterioration and make an
assessment on the long-term durability risks.

Significant sectional loss (up to approximately 90%) was discovered on the concrete piles below water.
Detailed defect mark-up drawings were created for each pile illustrating the defect’s location and size,
providing an approximation of the remaining cross section as a percentage of the original. Typically, the
deeper piles (piers 3, 4 and 6) were the worst affected. Figure 2 and Figure 3 provides a representation
of the worst deterioration discovered on pier 4 pile 2 (P4P2).
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Figure 2 Extént ofﬁf/e section loss and reinforcement section Figure 3 Estimated remaining section of pile P4P2.
loss of pile P4P2.

A white residue was typically observed at the location of the pile defects. Petrographic analysis and
XRD at the deteriorated test locations indicated that the white residue had likely formed in the concrete
due to excessive leaching of the portlandite and portland cement phases, eventually being replaced with
an amorphous material. Additionally, the formation of the white, amorphous residue may have been
accelerated by the conversion of the cement paste and portlandite to ettringite and/or gypsum by
sulphate attack. A low sulphate content was measured from the representative sulphate content
analysis, so this was determined to be unlikely. Concrete that is exposed to water migration while in
service is at risk of being leached. Leached concrete can be depleted of calcium-bearing phases that
are critical to its integrity, leaving behind a husk of weak, softer material (4). The degree of leaching (or
more severe degradation and material loss) is dependent on numerous factors including pH, dissolved
salts content/chemistry, suspended load and more.

The measured chloride content of the concrete within the tidal zone also showed significant levels of
contamination presenting a high risk of chloride induced corrosion to the embedded reinforcement at
low cover areas.

2.2.  Above Water

The above water scope consisted of a level 2 assessment (2) and representative material testing of the
various elements to determine the deterioration mechanisms and the remaining life of the main structural
elements. Most of the above water reinforced concrete elements were visually sound with only localised
sites of deterioration recognised that typically corresponded with low cover areas. Some exceptions
included the girder ends, pier bladewalls 0-2m from top of pile caps and the bearing plinths from historic
strengthening works to piers 1 and 7.

Based on the material testing results, it was concluded that carbonation induced corrosion at the
locations of low cover or construction defects was the main cause of the localised delamination and



spalling of the concrete elements above 2m from the top of the pile cap. There was also evidence of
staining suggesting long periods of wetness where the expansion joint seals in the deck had failed.
Chloride concentrations in the blade walls just above the typical tidal zone represented a moderate risk
of chloride induced corrosion at the average measured cover depth (5). A significant amount of
delamination and spalling with up to 100% sectional loss of the exposed reinforcement was also
discovered in the lower sections of the pier bladewalls.

3. Procurement

From the investigation findings, it was determined that a rapid emergency response would be required
to minimise interruptions to the residences and their operations for the repair works of RIB. PMHC,
under extenuating circumstances, appointed Duratec Limited as the contractor to complete the repairs.

‘At the October 2021 Ordinary Council Meeting it was endorsed by Council, that in accordance with
section 55(3)(i) of the Local Government Act 1993, not invite tenders for Rawdon Island Bridge - Repair
Contractor due to extenuating circumstances; being that any delay in the appointment of a contractor
will result in extension to the current bridge access restrictions for Rawdon Island residents and
businesses, and to enter into negotiations with contractors recognised by Council, with a view fo entering
into a contract for Rawdon Island Bridge repairs.(6)’

Duratec acknowledged the circumstances of which the project progressed upon and the significance of
assisting the community. Under this unique procurement process, a New South Wales Government GC
21, Design and Construct contract was awarded to Duratec Australia in late October 2021, only 4 months
after the completion of the initial underwater inspections. A collaborative contracting method was
adopted by both Duratec Australia and the Port Macquarie-Hastings Council, a method which ensured
that both parties shared an equal volume of risk and reward. For example, due to the on-going Corona
virus pandemic, procurement times of material were significantly delayed, resulting in Duratec placing
material orders prior to the evolution of the final construction design and specifications to achieve the
collaborative milestones originally set out by both parties.

Throughout the initial planning stage, both the contractor and principal developed and shared mutual
milestones, placing focus on both the community and their safety. With the community in mind, the
primary focus of the initial works was to ensure that vehicle access was restored to the community in
time for the Christmas and the New Year period. Although this milestone originally appeared
unachievable, the accepted risk of early material procurement reduced the likelihood of project delays
and allowed for this goal to be successfully achieved, fulfilling the promise made by the parties to the
community.

4. Design Phase

4.1.  Below Water

Based on the findings from the below water investigation and the initial structural modelling results, RIB
was closed to vehicle traffic and restricted to limited foot traffic only on the 5" of July 2021. A design for
the pile strengthening was initiated in October 2021 to allow for the bridge to be reopened. The
strengthening remediation works of the piles had to be designed to include installation of additional
reinforcement and infill of a cementitious grout around the existing pile along with the provision for an
ICCP system.

From the structural analysis, design, and consideration to the quantified pile defects, several of the piles
were chosen to be strengthened. Table 1 displays the varying pile lengths of the RIB highlighting the
piles which were strengthened.

Table 1 Rawdon Island Bridge Pile Heights (Seabed to top of Pile)

Pile ID Height (mm) Pile ID Height (mm)
Pile 1.1 2000 mm Pile 4.2 4500 mm
Pile 1.2 1400 mm Pile 5.1* 900 mm

Pile 2.1* 2400 mm Pile 5.2 900 mm

Pile 2.2 2500 mm Pile 6.1* 4000 mm
Pile 3.1* 4400 mm Pile 6.2 3500 mm
Pile 3.2 3800 mm Pile 7.1* 1000 mm
Pile 4.1* 4800 mm Pile 7.2 900 mm

*Strengthened Piles



A provisional ICCP system was designed to be installed within the encasement of the 11 piles that were
strengthened with an increased radius. The original intent was to install Galvashield® DAS galvanic
anodes in the annulus for the purpose of corrosion control to the embedded steel reinforcement.
However, due to the long lead time associated with these anodes, the installation of discrete Ti Mixed
Metal Oxide (MMO) anodes as a provisional ICCP system was considered adequate to manage the
future risk of reinforcement corrosion in the upper extent of the piles.

4.2.  Above Water

As RIB is an essential structure for the nearly 60 residences of the isolated community, it was essential
that within the design the future durability of the asset was accounted for. The final design for the above
water concrete remediation scope included bladewall thickenings, conventional concrete repair,
application of protective surface treatments and an operational ICCP system for the bottom 2m of the
bladewalls.

The bladewall thickening design was determined to be required across piers 3, 4 and 5 and consisted
of a 2m by 1.2m reinforced concrete extension located on either side of the bladewall. The bladewall
thickenings were constructed as an extension from the top of the respective pile, reinforcing both the
existing pile and bladewall structure. These engineered thickenings were introduced to provide
additional strength and protection against the lateral and live load from both the environment and the
increase volume and weight of the vehicles that are now frequent to access the Island.

The ICCP system design for the pier bladewalls consisted of Ti MMO ribbon mesh anodes installed
around the perimeter of the piers up to a height of 2m. Considering the tidal conditions and reinforcement
density, the pier bladewall ICCP system was divided into two zones. The base of the piles to a height of
600mm (Splash/Tidal Zone) was nominated as Zone 1. The remaining area of the bladewalls, up to a
height of 2m, was nominated as Zone 2. Figure 4 provides a schematic of the zoning for the pier
bladewalls and general arrangement. This zoning system was designed for all seven bladewalls with
and without thickening. Eight permanent reference electrodes were embedded per bladewall for the
purpose of monitoring, two on the north face and two on the south face for each zone.
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Figure 4 CP System Design for the Pier Bladewall

5. Construction Phase

The construction phase of the RIB remediation began in late October 2021, with the aim of re-opening
the access to the island as quickly and safely as possible. Overall, the RIB remediation project (from the
procurement phase to the end of the delivery phase) spanned over 14 months.

During the construction phase a significant roost of endangered microbats (Southern Myotis) was
discovered in the pier 6 bridge joint. The discovery of this significant roost provided complications to the
project delivery, as the methodology and programming had to be vastly altered to ensure that the
endangered species was not disturbed and that all non-critical works were completed outside of their
long breading season. To provide confidence that the works would not disrupt the colony several
monitoring systems and controls were introduced. A real time remote imaging and noise system was
installed by Rope Access on top of the headstock to allow for a dedicated team of environment scientists
to remotely assess the endangered species during the works.



5.1. Access Strategy

The RIB is located within 20km of the New South Wales coastline and is subject to constantly fluctuating
tides, creating several limitations on standard access systems. Due to the nature, size and type of works
being completed the access strategies had to be versatile

The initial pile strengthening works required a specialised team of divers to assist in the in-situ assembly
of the engineered pile strengthening jackets. the diving team faced several adversities such a high
turbidity due to consistent rainfall and strong river currents often resulting in visibility less than 30cm.
The access strategy developed by the divers was required to be unique as each of the 14 individual
piles all differed in length and condition.

In addition to the divers, the initial pile strengthening works required a small team to be located above
the piles, at water level. Therefore, any scaffolding developed was required to withstand the unique
conditions of the river. A suspended scaffolding system was developed for the project This system
utilising the existing bridge kerb and an engineered suspension point supported by the existing girders
as seen below in Figure 5 (an extract from the suspended scaffolding design issued by All Access
Solutions). This system was designed to be adjusted for the differing bladewall heights and suited to all
locations across the bridge.
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Figure 5 Suspend Scaffold System (AAS)

5.2.  Pile Strengthening

As per the design and intent of the project, each pile was individually assessed and re-strengthened to
a designed limit. Constructability of each pile varied significantly due to the varying pile heights (Table
1) and the altering conditions of the seabed surrounding the existing pile. The method of repair varied
depending on the condition of the original pile. Sections containing deep voids were hand packed with
specialised grout.

For the encasement of the original 1960’s pile, two to four Micropiles were drilled and embedded into
the surrounding riverbed. Each of the piles were then encased in a steel formwork jacket, designed to
increase the radius of the existing pile by at least 175mm. Each jacket system used to encase the piles
consisted of four sections of either one metre or half metre sections depending on depth of the riverbed.
Once in place, these jackets were then sealed and inspected by the dive crew prior to commencing the
pour.

An onsite trial was completed within the site compound ahead of the works, assisting the team to refine
methodologies and overcome adversities prior to an in-situ pour. However, difficulties arose when
completing the first in-situ pile pour due to the varying nature of the riverbed. Modifications to the original
methodology through increase under water grout patching and the introduction of additional smaller pile
jackets were used to combat the differing seabed conditions.



5.3. Bladewall Strengthening

Initial visual and delamination survey identified approximately 30m? of concrete requiring repair within
the CP zone of the bladewalls across the RIB. However, once works had begun this area increased to
just under 50m2. The bladewall strengthening works were completed from the suspended scaffold
system mentioned in section 5.1. Each identified area of concrete delamination was mechanically
broken back to a depth of at least 20mm behind all visible reinforcement, furthermore, all sections
containing corroded reinforcement with a section loss greater than 10% were further exposed until sound
reinforcement was located and augmented. All areas of delamination were replaced through either hand
patching or forming and pouring of proprietary cementitious repair products, dependent on the nature
and size of the breakout area. Figure 6 below demonstrates the typical repair areas on the bladewalls
for RIB.
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Figure 6 Pier 3 Post Breakout Survey

5.4. Cathodic Protection

RIB was constructed in the early 1960’s. Since then, construction standards have changed, advanced,
and adapted to modern technologies (7). throughout the project and particularly in the rectification works
of the bladewalls, there were several areas of reinforcement that were identified to have very low
concrete cover (as low as 5mm). Furthermore, the original design drawings developed for RIB were
dated back to July 1959 and there were several discrepancies between onsite details and the drawings.

When completing the installation of the ribbon mesh anodes, the low concrete cover over the
reinforcement provided difficulties. This required slight alterations to the design in order for the system
to achieve its intent and maintain good anode to reinforcement separation.

5.5. Topical Treatments

Upon the completion of the bladewall thickenings, conventional concrete repair, and installation of an
ICCP system, Topical treatments were applied to the repaired structure. The tropical treatments were
separated into two separate sections.

The lower 2m of the bladewall structure were treated with a cementitious membrane, ultimately aimed
to protect the newly installed ICCP system installed within the walls. The treatment in the lower section
required detailed planning to ensure suitable application and conditions could be achieved. Due to the
tidal river, the site team were required to ensure the works were completed as soon as the tide dropped
below the bladewall, thus increasing the window of which the product could be applied and cured.

A single component penetrating silane-siloxane primer and a single component elastomeric pigmented
coating system was used to treat the section of the bladewall located above the lower 2m. This treatment
was chosen to provide protection to the atmospherically exposed reinforced concrete surfaces to extend
the life of the asset. The elongation properties of the coating system also assisted in bridging small
cracks within the bladewalls. Figure 7 shows an example of the appearance of the bladewalls after the
application of the topical treatments.



7 Figure 7 xample of topical treatments at RIB

6. Lessons Learnt
Throughout this project, several items were identified as lessons learnt:

6.1.  Project Timeframe

In situations requiring a rapid response such as the RIB project, collaborative contracting and effective
communication between all parties is critical in ensuring that an outcome aligning all parties’ goals is
achieved. Furthermore, the development of key milestones across the project will continue to ensure
that all parties are able to focus on a common outcome.

6.2. Original Construction of the Structure

Although access is often limited when working underwater or on the water, accountability and
preparation should be undertaken for the possibility of altering site conditions due to previous
construction quality. Although the project response was rapid due to extenuating circumstances, further
surveillance and investigation could have been conducted to further understand the project in the initial
phases to assist with design changes.

6.3. Original Designs vs Actual Product

Effective collaboration between contractor and designer/engineer is essential for future projects of
similar circumstances. Effective communication and transfer of information from site-team to
designer/engineer is critical to ensure an effective and efficient solution to the project is achieved with
minimal downtime.



7. Conclusions

Historically, the Rawdon Island Bridge has been a critical piece of infrastructure connecting the two
rural communities of Sancrox and Rawdon Island within the Port Macquarie Hastings Council (PMHC)
local government area. Therefore, providing the community with a specifically designed and
constructed solution that will provide long term durability and safety, with a minimal approach to
required maintenance. The rapidly provided solution investigated both the above and under water
aspect of the RIB, capturing the impacts and lessons learnt from original construction through to
environmental conditions, designing a solution aimed to combat previous adversities, strengthen and
prepare for the future.

The completion of the rehabilitation on the RIB provided several difficulties and hardships that were
overcome by the project team, from accelerated procurement, unique access solutions, endangered
species and several significant flood events. The introduction of the impressed current cathodic
protection within both the piles and Bladewalls have enabled both the protection and monitoring of
further corrosion. Therefore, providing a suitable solution that will enable both short-term and long-
term management of the challenges faced by the Rawdon Island Bridge.
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