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1. Introduction 
The Shire of Carnarvon has recently completed several projects to revitalise the Carnarvon 
Fascine and the Town Centre.  These projects were funded by the Royalties for Regions program.  
A major component of this work was the redevelopment of the foreshore along the Carnarvon 
Fascine including the installation of a new steel sheet pile wall to provide coastal protection to the 
development.  The location of this wall is shown in the following aerial photograph. 

Figure 1.1 Location Diagram 

The sheet pile wall was installed in two separate stages.  The first stage was approximately 90m 
at the northern end of the site and the second stage was approximately 700m extending to the 
south.  Photographs showing the wall in October 2017 are provided in the following figures. 

Figure 1.2 Photographs of the Fascine Wall (October 2017) 

CARNARVON 
FASCINE WALL 
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Since construction, the wall has experienced significant corrosion of the steel sheet piles, which 
has raised concerns over the durability of the structure.  To address these concerns the Western 
Australian State Government, through the Department of Primary Industries and Regional 
Development (DPIRD) sought an independent structural engineering assessment of the Royalties 
for Regions funded wall.  This assessment will be used to assist in planning maintenance, future 
works and informing the community. 

To carry out the independent assessment DPIRD engaged specialist coastal engineers, 
M P Rogers & Associates Pty Ltd (MRA). 

The objectives of the assessment were to confirm: 

The current condition of the steel sheet pile system based on above and below water 
inspection and physical thickness testing. 

The useful life of the structure if no maintenance is carried out. 

A 10 and 20 year maintenance strategy, program and cost estimate including the 
maintenance and repair strategy for the current structure.  The program shall include 
individual cost estimates for executing the maintenance for the asset.  The program shall 
identify the future and estimated reactive maintenance requirements and inspections 
required to ensure that the asset remain well maintained, safe and operational for the 
purpose for which it is intended.  It is also a requirement that an overall program shall be 
produced, which clearly summarises on an annual and cumulative basis the overall 
maintenance requirements and total cost estimate for maintaining the asset over a ten-year 
and twenty-year period. 

In addition, DPIRD sought an independent opinion on: 

The assessment of the suitability of the material used in the current steel sheet pile system. 

A comparative assessment of currently used or appropriate alternative (which could have 
been used) material.  The specifications of appropriate steelwork (and associated 
treatments) that could have been used in the construction of the Carnarvon Fascine Wall. 
eg steel work could be XXmm rather than YYmm as optimal design thickness. 

The maintenance strategy (for 10 and 20 years), program and estimated cost and life 
expectancy on the appropriate steelworks (and associated treatments). 

The specifications for appropriate structural material, design and maintenance strategy for 
the Carnarvon Fascine Wall. 

This report presents the findings from the independent structural assessment. 
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2. Sheet Pile Wall Design & Background Information 
Despite several attempts only limited information was able to be obtained regarding the design, 
procurement and construction of the Carnarvon Fascine Wall.  The following documents were 
provided to MRA from the Shire of Carnarvon: 

Design drawings prepared by Cardno dated February 2013. 

Photographs of the sheet pile wall construction from July to November 2013. 

Architectural drawings prepared by Alexander Planning Consultants dated March and July 
2015.

A list of the drawings is provided in the following tables and copies are included in Appendix A.  

Table 2.1 Cardno Design Drawings 

Drawing No. Rev Date Drawing Title 

E12002-001-CV1 0 7/2/13 Fascine Wall – Cover Sheet and Drawing List 

E12002-001-FW01 0 7/2/13 Fascine Wall – Proposed Alignment – Plan Chn. -18.5 – 200m  Sheet 1 of 4 

E12002-001-FW02 0 7/2/13 Fascine Wall – Proposed Alignment – Plan Chn. 220 – 430m  Sheet 2 of 4 

E12002-001-FW03 0 7/2/13 Fascine Wall – Proposed Alignment – Plan Chn. 430 – 640m  Sheet 3 of 4 

E12002-001-FW04 0 7/2/13 Fascine Wall – Proposed Alignment – Plan Chn. 640 – 900m  Sheet 4 of 4 

E12002-001-FW05 0 7/2/13 Fascine Wall – Proposed Alignment – Longitudinal Profile 

E12002-001-FW06 0 7/2/13 Fascine Wall – Proposed Alignment – Cross Sections Chn. -18.5 – 300m  
Sheet 1 of 3 

E12002-001-FW07 0 7/2/13 Fascine Wall – Proposed Alignment – Cross Sections Chn. 320 – 620m  
Sheet 2 of 3 

E12002-001-FW08 0 7/2/13 Fascine Wall – Proposed Alignment – Cross Sections Chn. 640 – 680m  
Sheet 3 of 3 

E12002-001-M1 1 12/2/13 Fascine Wall – Sheet Piling – Cross Section and Typical Details 

E12002-001-SD1 0 7/2/13 Fascine Wall – Standard Details  Sheet 1 of 2 

E12002-001-SD1 0 7/2/13 Fascine Wall – Standard Details  Sheet 2 of 2 
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Table 2.2 Alexander Planning Consultants – Architectural Drawings 

Drawing No. Rev Date Drawing Title 

A00 D 8/7/15 Title Drawing and Key Plan 

A01 D 8/7/15 Plan of Fascine Walk 

A02 H 29/7/15 Plan of Fascine Walk / Jetty 1 

A03 D 8/7/15 Plan of Fascine Walk 

A04 G 23/7/15 Plan of Fascine Walk / Jetty 2 

A05 D 8/7/15 Plan of Fascine Walk 

A06 D 8/7/15 Plan of Fascine Walk 

A07 D 8/7/15 Plan of Fascine Walk 

A08 D 8/7/15 Plan of Fascine Walk 

A09 D 8/7/15 Plan of Fascine Walk / Jetty 3 

A010 H 29/7/15 Plan of Fascine Walk 

A011 D 8/7/15 Plan of Fascine Walk 

A012 A 30/3/15 Jetty 2 & Ramps – Plan and Elevations 

A013 A 30/3/15 Jetty 2 & Ramps – Plan and Sections 

A014 A 30/3/15 Jetty 2 & Ramps – Elevation and Sections 

Note:  1.  There were a number of other drawings (A015 – A022, L01 – L11) which were provided to MRA but are not 
relevant to the sheet pile wall review. 

From this information, and advice provided by David Neilson at the Shire of Carnarvon, it appears 
that the construction of the wall occurred in the following stages. 

Stage 1 was approximately 90m at the northern end of the site which was constructed by 
Curnow Group Pty Ltd.  No design drawings were available for this section of wall. 

Stage 2 was the remainder of the wall which was constructed by In Situ Construction & 
Maintenance Pty Ltd.  This work appears to have been completed in mid to late 2013. 

The landscaping works and jetty structures were also constructed by In Situ Construction & 
Maintenance under a design and construction contract which appears to have been 
completed in 2015. 

From the Cardno design drawings the steel sheet piles were specified as AZ14-770 sheets.  The 
design dimensions of these sheets are shown in the following figure. 
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Figure 2.1 Sheet Pile Design Dimensions 

The following background reports were also provided to MRA to assist in the assessment of the 
wall.

Carnarvon Sheet Piling Report: Metal loss inspection report and inspection findings 
(Hudson, 2016). 

Fascine Steel Sheet Pile Investigation: Inspection and Interpretive Report (BGI Group, 
2016).

Metallurgical Test Report No.22508 CARN (MTS, 2015). 

Fascine Steel Sheet Pile Coating Closeout Report (BGI Group, 2017) 

No information was provided in the design documentation regarding the steel grade used in the 
sheet piles.  However, Hudson (2016) refers to steel grade S355GP and this is confirmed by the 
MTS (2015) report showing compliance with the equivalent American steel grade ASTM A328.  No 
reference is made to the equivalent steel grade from the Australian Standards. 

Advice from the Shire was that the sheet piles were supplied by Curnow Group Pty Ltd. 

The following figures show the design details for the sheet pile wall. 
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Figure 2.2 Sheet Pile Design Section (Taken from Cardno Drawing E12002-001-
M1 Rev 1) 

Figure 2.3 Wall Capping Detail (Taken from Cardno Drawing E12002-001-SD1 
Rev 0) 
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From the design drawings provided the following items were noted in relation to the design of the 
sheet pile wall: 

The specified sheet piles were AZ14-770 to be installed to a minimum depth of -8.5mAHD. 

M36 tie rods were to be installed for the wall sections adjacent to the jetty structures and 
drainage outlets.  The drawing states that the tie rods were to be hot dipped galvanised or 
appropriately protected against corrosion.  A 50mm PVC sleeve was shown on the drawings 
to encase the tie rods.  Minimum steel grade 400 MPa was specified for the tie rods. 

A steel waling was included on the landward side of the wall.  The drawings specified an 
Arcellor UPN220 or 2 250PFC members. 

A concrete capping was included on top of the sheet pile wall.  The design included steel 
reinforcing with 50mm cover and 32 MPa concrete. 

A selection of the Shire’s photographs taken during the construction of the wall are provided 
below. 

Figure 2.4 Sheet Pile Wall Construction (July 2013) 

Figure 2.5 Sheet Pile Wall Construction (October 2013) 

Given the high level of corrosion experience on the sheet piles following the construction the Shire 
has recently engaged a contractor to paint the exposed face of the sheet piles.  The protective 
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coating specification was developed by BGI Group Pty Ltd for the Shire of Carnarvon (RFT 
05/2017).  The work was advertised for tender and awarded to Saunders International Limited 
(Saunders) in July 2017 for $611,628 (excl. GST).   

The specified coating works involved: 

Clean and abrasive blast the splash zone of the sheet piles. 

Apply a marine coating system to protect the piles. 

The chosen coating system was PPG Sigmashield 880, which is a two-component, high-build, 
polyamine adduct-cured epoxy coating. 

David Nielson at the Shire of Carnarvon advised that an alternative tender was accepted from 
Saunders with the following changes. 

The basis of the alternative was that the blast work would be carried out by ultra-high 
pressure water rather than abrasive garnet. 

During the initial couple of hundred metres of coating works it became apparent that the 
methodology being used by Saunders was not providing acceptable coating coverage.   

This was partly to do with the pitted texture of the wall face.  The single coat 500 micron 
spraying operation they were applying was leaving too many “holidays” in the coating.   

Saunders came back with an amended proposal to provide a second coating with minimum 
DFT of 300 microns i.e. total minimum DFT of 800 microns. 

They revised the application methodology of the first coat to roll and brush in the heavily 
pitted areas to improve penetration to the pits. 

The coating system was applied from the pile cap down to approximately the low tide level or the 
bed level where above low tide.  The remainder of the sheet pile was left uncoated.  The work was 
completed in October 2017. 
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3. Condition Assessment 
To assess the current condition of the steel sheet pile system a detailed inspection and testing of 
the wall was completed.  The inspection was undertaken by Senior Coastal Engineer, Peter 
Doust, together with divers from Shorewater Marine who were engaged as a subcontractor to 
MRA.  The inspection was completed on the 24th and 25th October 2017 during low tides. 

The scope of work for the Condition Inspection included: 

Visual inspection of 800 meters of sheet wall piling, above and below water noting the 
corrosion, defects, irregularity and general condition. 

Cleaning marine growth & removing corrosion to check the condition of steelwork & conduct 
thickness measurements with Ultrasonic Thickness (UT) testing equipment on a selection of 
sheet piles to confirm the typical condition of the piles at the pile cap, highest astronomical 
tide level, intertidal column/MSL and at lowest astronomical tide level or seabed level if it is 
found to be higher than LAT. 

Testing of anodes if installed (Note: There was no evidence of anodes during the 
inspection).

Photographs of the above. 

Inspection report on the above.  

A detailed inspection report has been prepared by Shorewater Marine and is included in 
Appendix B.  

Figure 3.1 Thickness Testing by Shorewater Marine 

Results from the condition inspection are summarised below and a selection of photographs are 
provided in Figures 3.2 to 3.8. 
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The wall at the time of inspection had recently being painted from the top of the sheet pile 
down to around the low tide level.  A large amount of corrosion products were left on the 
seabed likely from when the wall was blasted prior to painting. 

Figure 3.2 Paint Coating and Corrosion Products 

Where there was scour protection rock at the base of the sheet pile wall there were sections 
that were not painted. 

Figure 3.3 Incomplete Paint Coating 

The condition along the length of the wall was fairly uniform with the highest levels of 
corrosion typically in about a 1.5m strip covering the intertidal zone.  This was evidenced by 
the rough texture on the front of the wall where steel had been lost. 
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Figure 3.4 Loss of Thickness in Intertidal Zone 

There were a number of holes through the wall which were taped off to enable future patch 
repairs.  These were generally found at the northern end (Stage 1 section) of the wall, 
however there were 4 holes found in the Stage 2 section of wall.  The paint coating may 
also have covered over a number of small holes that are now unable to be detected from a 
visual inspection. 

Figure 3.5 Holes in Wall 

The concrete capping had extensive cracking due to corrosion of the reinforcing steel and 
concrete spalling.  In some locations it appeared that the concrete cover was less than 
10mm, which was much less than the 50mm specified on the design drawings.  It is not 
clear what concrete mix was used, however the design drawings suggest 32MPa concrete.  
For marine structures the Australian Standard AS4997-2005 recommends structural 
concrete to have: 

 Minimum characteristic strength (f’c) of 40 MPa (refer clause 6.3.3). 

 Minimum cover to reinforcing steel of 75mm where in the splash zone (ie exposed 
soffits of structures) or 70mm for the spray zone, unless higher strength concretes are 
used (refer clause 6.3.7). 

The design and installation of the concrete did not meet these requirements. 
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Figure 3.6 Concrete Capping Failure 

A number of the drainage outlets were inadequately sealed enabling material to be washed 
out from behind the wall. 

Figure 3.7 Drainage Outlets 

At the northern end of the wall (Stage 1 section) there appeared to be some subsidence of 
the pavement behind the wall.  This may be due to loss of backfill material through the wall.  
The pavement behind the wall was approximately 30mm lower than the capping beam. 

Figure 3.8 Paving Subsidence 
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In addition to the inspection undertaken by MRA and its subcontractors, the Shire of Carnarvon 
has also carried out their own investigations on the wall including extracting sections of the wall 
for more detailed assessment.  This is shown in the following photographs provided by the Shire. 

Figure 3.9 Removal of Sections by Shire 

The following points summarise the findings from the sections removed from the wall: 

The section of pile removed from the mid tide level showed severe corrosion on both the 
front and rear of the sheet pile.  Deep pitting corrosion was found on the landward side of 
the sheet pile as shown in the photograph below. 

Figure 3.10 Condition of Removed Steel Section 

The Shire advised that there was a large amount of retained water behind the wall which 
flowed out when the section of wall was removed. 

Waterside of Removed Section Landside of Removed Section
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As shown from the Shire’s investigation there appears to be a high level of corrosion on the rear 
face of the sheet pile.  To better understand the cause of this corrosion, testing of the soil is 
recommended.  It is understood that the Shire is currently arranging for this soil testing to be 
carried out, however the results were not available at the time of writing this report. 
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4. Sheet Pile Wall Analysis 
4.1 Wall Thickness / Section Loss 
The results from the thickness measurements taken on site are summarised in the following 
charts.  Figure 4.1 shows the wall thickness measurements for different levels on the wall.  As 
shown the thinnest sections of steel were found around the high tide line.   
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Figure 4.1 Measured Sheet Pile Wall Thickness 

The measurements represented in the above chart do not include the isolated holes that were 
found where the wall thickness had been completely corroded. 

The section loss is represented in the following chart. 
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Figure 4.2 Section Loss 

Within the splash zone the average section loss varied from about 1 to 3 mm. 
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4.2 Corrosion Rates 
It is not clear the exact dates that the wall was installed, however from the information provided it 
appears that the majority of the wall was installed around mid to late 2013.  This means that at the 
time of inspection the wall was around 4 years old. 

Based on the measured section loss the typical corrosion rates were around 0.25 to 0.75 mm/yr.
However for the localised pitting that has resulting in holes in the sheet pile wall the corrosion 
rates are in the order of 2 to 3 mm/yr. 

Corrosion can occur on both faces of the sheet pile wall being the landside and the waterside.  
Each side of the wall has a different exposure environment which can affect the rate of corrosion.  
The corrosion rates specified above do not distinguish between the front and rear of the wall and 
are therefore a combined corrosion rate including corrosion on both the front and rear of the wall. 

As a comparison, published corrosion rates are provided in several Australian Standards and are 
summarised in the following table.  Their applicability to the Carnarvon Fascine Wall is also 
provided in the table. 
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Table 4.1 Published Corrosion Rates 

Exposure 
Zone

Standard / 
Reference 

Exposure 
Description 

Corrosion 
Allowance

(mm/yr) 

Applicability to Carnarvon 
Fascine Wall 

Permanently 
Submerged 
in Seawater 

AS4997-2005 
(Cl. 6.4.4.7) 

Permanently 
Submerged – 

Tropical/Subtropical 
(North of 30°S)

0.1 This is for submerged steel only.  The 
standard outlines that higher corrosion 
rates can occur due to microbiologically 

induced corrosion or accelerated low 
water corrosion. 

AS2159-2009 
(Cl. 6.5.3) 

Seawater – 
Submerged  

0.04 – 0.1 This is for submerged steel only.  These 
are averaged rates for generalised 

corrosion.  Higher rates can occur for 
localised pitting or accelerated low water 

corrosion. 

AS2312.1-2014 
(Appendix B4) 

Mild Steel in 
Seawater 

Short Term 
Mean 0.13 

Long Term 
Mean 0.05 

These are typical corrosion rates across 
Australia.  Higher rates are expected in 
the tropics.  The standard states that 
localised pitting can be 3 to 4 times 

these mean rates. 

Tidal / 
Splash Zone 

AS2159-2009 
(Cl. 6.5.3) 

Seawater – 
Tidal/Splash Zone – 
Tropical/Subtropical 

(North of 30°S)

>0.1 The standard classifies the tidal / splash 
zone as very severe conditions and 

recommends a site-specific assessment 
should be sought. 

The rates provided are uniform 
corrosion rates and higher localised 

rates can be experienced. 

AS2312.1-2014 
(Cl. 2.4) 

C4: High (Seashore – 
Calm) 

C5-M: (Seashore – 
Surf) 

CX: (Shoreline – 
severe surf) 

0.05 to 0.08

0.08 to 0.2 

0.2 to 0.7 

These are for atmospheric corrosion and 
don’t apply directly to the severe 

exposure in the tidal zone.  Therefore it 
would be expected that corrosion rates 

would be similar to the extreme category 
of 0.2 to 0.7mm/year for the tidal/splash 

zone. 

Buried 

AS2159-2009 
(Cl. 6.5.3) 

Depends on Soil pH 
and chloride 

concentrations 

Varies from 
<0.01 for non-

aggressive
soils to 0.1 for 
severe soils 

The soil conditions at the site are 
unknown.  It is understood that the Shire 

is currently undertaking soil testing to 
confirm the soils conditions.  

AS4997-2005 
(Cl. 6.4.4.7) 

Permanently buried 
in the seabed 

0.01 Doesn’t account for microbiologically 
induced corrosion which can produce 

higher corrosion rates. 

AS2312.1-2014 
(Appendix B5) 

Buried Short Term 
0.1 to 0.3 

Long Term 
~0.1 

This is for typical soils without a marine 
influence.  Higher corrosion rates can 

occur in marine soils. 

The corrosion rates presented in the Australian Standards are generally applicable to uniform 
corrosion rates and it is reasonable to expect higher localised rates of corrosion particularly for 
the very severe tidal / splash zone.  The corrosion rates experienced at the Carnarvon Fascine 
Wall are not dissimilar to those expected when reviewing the Australian Standards.   

Based on the environmental exposure outlined in the Australian Standards the most severe 
corrosion zone would be expected to occur in the tidal/splash zone.  As outlined in AS2159-2009 
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the corrosion rate in the splash/tidal zone is likely to be greater than 0.1mm/year and a site 
specific assessment is recommended due to the very severe corrosive environment.  AS2312-
2014 provides corrosion rates of 0.2 to 0.7mm/year for the CX:Extreme category.  This category 
applies to areas at surf beach shorelines where there is very high salt deposition.  The Carnarvon 
Fascine Wall is located directly adjacent to the Fascine waterway, which is tidally influenced and 
can also experience locally generated wind waves.  These processes lead to high levels of salt 
deposition on the face of the Fascine Wall.  Based on this, it is expected that corrosion rates 
would be similar to the CX:Extreme category presented in AS2312:2014. 

It should be noted that the corrosion rate on new steel is generally more rapid initially and will 
then slow due to the build-up of corrosion products on the face of the steel.  The presence of 
marine growth can also affect the corrosion rates. 

4.3 Useful Life 
DPIRD have requested an assessment of the useful life of the asset if no maintenance is carried 
out.  The useful life of the sheet pile wall is dependent on a number of failure modes.  The end of 
useful life is considered to be when the sheet pile has reached a stage that further deterioration of 
the structure would lead to loss of service.  The different failure modes are discussed below. 

Corrosion of Sheet Piles 
The corrosion of the steel can lead to inadequate structural capacity to withstand loading on the 
wall.  The wall requires adequate thickness to withstand bending and axial forces.  From the 
information provided it is not clear how much reserve capacity is included in the design of the 
sheet piles or if a corrosion allowance was included in the design.  Therefore, it is difficult to 
determine the useful life of the structure based on the corrosion experienced without more 
detailed structural analysis which is beyond the scope of this assessment.   

It should be noted that the location of the maximum bending moment for typical cantilever sheet 
pile walls is generally below the seabed level and some loss of section can occur at higher levels 
without affecting the overall capacity of the structure. 

However, given the corrosion rates experienced it is expected that the structural capacity of the 
wall without any paint coating would have become inadequate within the coming 5 to 10 years.  
Localised areas were there has been higher corrosion rates may have inadequate capacity sooner 
and within 5 years. 

The recently applied protective paint coating will limit corrosion on the seaward face.  However 
this paint coating has a limited life and maintenance of this coating is required to ensure further 
corrosion does not occur once the coating breaks down.  The coating provided also doesn’t 
address the issues of corrosion on the rear face of the wall or corrosion of the submerged 
unpainted section.  If no further maintenance is carried out the useful life of the structure is 
expected to be around 5 to 15 years, including benefits of the existing paint coating. 

Corrosion of Tie Rods & Waling 
The corrosion of the tie rods and waling members behind the wall can also lead to failure of the 
wall.  These items were unable to be inspected during this assessment and therefore their 
condition is unknown. 

From the information provided it appeared that corrosion protection of the tie rods was achieved 
by galvanising the rods.  It is not clear if any other corrosion protection measures were applied.  If 
the tie rods are only galvanised their durability will be dependent on the life of the galvanised 



m p rogers & associates pl  DPIRD,  Carnarvon Fascine Wall Independent Review 
K1488, Report R972 Rev 1,  Page 19 

coating.  This depends on the coating thickness and the severity of the environment.  In severe 
corrosive environments the galvanised coatings can be lost in less than 10 years.  Further 
information regarding the current condition of the tie rods and the type of soil they are installed in 
is required to better understand the likely life of the tie rods. 

Loss of Backfill 
Corrosion holes through the wall can lead to loss of backfill and subsidence of the pavements 
behind the wall.  During the site inspection a number of holes were found which enabled the 
washout of backfill through the wall.  The inadequate sealing around the drainage pipes is also 
likely to be contributing to this issue.  With no maintenance it is expected that these holes will get 
larger and more holes will form.  This could result in major loss of material potentially in the 
coming 5 to 10 years. 

Concrete Failure 
Deterioration of the concrete capping beam can result in loss of large sections of concrete, 
making it unsafe to walk along the top edge of the wall.  It is not clear from the design information 
provided but the concrete capping beam may also be acting as a waling beam to share loads 
along the sheet pile wall.  Therefore, failure of this beam could result in structural failure of the 
wall.

Given the current poor condition of the capping beam and the large cracks and spalling evident, it 
is likely that with no maintenance the capping beam would experience major failure in the coming 
5 to 10 years. 

4.4 Suitability of Steel Used 
Carbon steel such as that used for the Carnarvon Fascine Wall is commonly used for sheet piled 
waterfront structures.  The service life for sheet piles structures in the marine environment is 
typically around 50 years provided appropriate durability measures are included in the design.  
The durability can be achieved through a variety of ways including: 

A suitable corrosion allowance so that the structure has sacrificial steel that can be lost prior 
to the structural capacity being affected. 

Coating systems to prevent the steel from corroding. 

Cathodic protection systems including sacrificial anodes or impressed current systems to 
protect the steel.  

From the information provided the wall was installed without a coating system or cathodic 
protection system.  It is not clear if a corrosion allowance was included, but based on the 
exposure of the wall and the likely corrosion rates it is unlikely that the unprotected steel would 
have sufficient thickness to achieve the required durability, even if a thicker sheet pile was used. 

4.5 Comparison to Alternative Materials 
Alternative sheet pile wall options using different materials are discussed below. 

AMLoCor
AMLoCor is Arcelor Mittal’s ‘low corrosion’ steel grade.  This steel has a slightly different chemical 
composition to carbon steel which reduces its corrosion rate.  The supplier has completed tests 
which show the rate of corrosion is reduced by a factor of 3 to 5 depending on the exposure zone 
(Arcelor Mittal, 2017).  The main benefits of AMLoCor is a reduction in the corrosion rate at the 
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Low Water Zone and in the Permanent Immersion Zone.  There does not appear to be any 
significant reduction in corrosion rates in the upper tidal zone and splash zone.   

The use of AMLoCor steel adds about 10% to the supply cost of the steel.  For this project it is 
expected that it could have cost and additional $180,000 to $200,000 to specify AMLoCor steel 
over the carbon steel. 

Given the highest levels of corrosion are in the upper tidal zone and splash zone, the use of this 
steel on its own would not solve the corrosion issues experienced and other corrosion protection 
measures would still be required. 

Maintenance costs would therefore also be similar to those if carbon steel is used. 

Non-Ferrous Sheet Piles 
Alternative non-ferrous sheet piles include Vinyl, Fibre Reinforced Polymers (FRP), and 
Aluminium.  These products are less widely used than steel piles but are increasingly being 
installed in corrosive environments where the strength of steel is not required.  An example is 
shown in the photograph below. 

Figure 4.3 Non-Ferrous Sheet Piles 

The main difference with the design of sheet pile structures using these alternative products is a 
reduced capacity in bending compared to steel sheet piles.  Therefore, thicker sheets with a 
higher section modulus are generally required to provide a similar level of capacity.  Larger 
deflections and creep can also cause issues which require careful design consideration.  The 
retained heights at the Carnarvon Fascine Wall reached greater than 3.5m in some sections of the 
wall.  This is likely to be at the limit of the non-ferrous sheet piles and the use of additional tie 
backs is likely to be required.  Further structural analysis is required to confirm if the use of non-
ferrous sheet would have been a cost effective or viable solution for the Carnarvon Fascine Wall. 

There can also be an additional cost when installing these sheet piles.  If hard ground conditions 
are encountered there may be a requirement to predrill the ground and use a mandrill when 
installing the piles.  If the ground conditions are relatively soft then the installation procedure is 
similar to steel piles. 

Vinyl Sheet Pile in Bunbury – JSteel (2017) 
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Maintenance costs for these alternative non-ferrous sheet piles are likely to be lower than carbon 
steel.  However, these material are still relatively new and there is limited information on the long 
term performance and maintenance requirements. 

Encasement 
Another method for protecting sheet piles against corrosion is to encase the steel with a protective 
barrier.  Concrete has often being used to encase steel sheet piles, particularly in the highly 
corrosive tidal / splash zone.  Concrete is cast around the pile which prevents oxygen from 
reaching the steel and corroding the pile. 

This encasement using concrete is estimated to cost in the order of $3,000 to $5,000 /m of wall.  
Therefore for the full length of wall it could be in the order of $2.5M to $4M additional cost. 

Other methods of encasement could also be used but would require careful design to ensure 
protection to the sheet pile is maintained throughout the life of the structure.  Any encasement 
materials need to be suited to exposure in the harsh marine environment. 

Maintenance would still be required to ensure the encasing material maintains the protection to 
the underlying sheet piles. 

4.6 Comparison to Other Wall Types 
As an alternative to a vertical sheet pile wall other edge treatments could have also been 
considered such as those discussed below. 

Rock Revetment 
Rock revetments are commonly used as an edge treatment to protect shorelines from erosion and 
wave overtopping.  They are generally constructed by placing armour rock over underlayers of 
smaller rocks and usually a geotextile filter fabric to prevent fines from being washed out through 
the revetment.  An example is shown in the following photograph and sketch. 

Figure 4.4 Example Rock Revetment 

The costs for these type of edge treatment depends on the availability of durable rock and the 
distance to the supply quarries.   

Typical rates for this type of edge protection are in the order of $3,000 to $4,000 per m in Perth.  
In Carnarvon the costs are expected to be higher as rock is likely to be harder to source.  A 
concept estimate for this type of wall in Carnarvon is expected to be in the range of $4,000 to 

Limestone Rock Revetment – Elizabeth Quay

ROCK 
ARMOUR 

ROCK UNDERLAYER 
(CORE)GEOTEXTILE 
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$6,000 per m.  This will depend on the final design details such as crest levels, layer thicknesses 
and rock sizes. 

Ongoing maintenance costs for rock revetments are generally around 1-2% per annum of the 
capital cost, on average.  This maintenance involves inspections and repairs to any damage such 
as slumping or settlement of rocks.  This maintenance work is unlikely to be completed each year 
and will be programmed to occur when it makes economical sense to do so.  Therefore there 
might be major maintenance works every 10 years or so. 

Concrete Diaphragm Wall 
A concrete diaphragm wall involves the excavation of a trench using specialised equipment which 
is then filled with a reinforcing cage and pumped concrete.  The result is a reinforced panel which 
retains the soils behind it.  Following installation the material from in front of the wall is then 
excavated to the required depth.  An example is shown in the photograph and sketch below. 

Figure 4.5 Example Concrete Diaphragm Wall 

Scour protection is generally installed in front of the wall to limit scouring of the bed along the face 
of the wall. 

The cost for this type of structure depends on the availability of the specialist equipment and 
expertise required to construct the wall.  This specialist equipment would need to be mobilised to 
Carnarvon to complete the works.  The availability of good quality concrete suitable for the marine 
environment will also influence the cost.  For the relatively simple wall design such as that at the 
Carnarvon Fascine it is likely that steel sheet piles would be a more cost effective option. 

Ongoing maintenance costs are likely to be lower than a steel sheet pile wall, but this is likely to 
be outweighed by a higher capital cost.  Further engineering design and investigation would be 
required to confirm the viability of this option. 

Precast Concrete “L” Walls 
Precast concrete “L” walls involve the placement of large precast wall segments which are joined 
together and then backfilled.  The durability of the concrete can be achieved through careful 
specification of concrete mix and construction requirements.  The design details such as cover, 
stresses within the reinforcing, and bar sizes also influence the durability. 

It is likely that the site would need to be bunded, excavated and dewatered prior to the installation 
of the precast elements.  

Concrete Diaphragm Wall – Elizabeth Quay 

DIAPHRAGM 
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An example of this type of wall is shown in the following photograph and sketch. 

Figure 4.6 Example Concrete “L” Wall 

The cost of this type of wall is likely to be significantly higher than a steel sheet pile wall as it 
involves a more difficult construction methodology (eg. excavation & dewatering) and high cost 
precast concrete to achieve the required durability.  The bearing capacity would also require 
detailed assessment to ensure there were no settlement issues following construction.  The final 
costs will depend on detailed engineering assessment and further investigations, however it is 
expected that cost would be 1.5 to 2 times that of the sheet pile wall option. 

Ongoing maintenance costs are likely to be less than a steel sheet pile and would involve 
inspections and repairs to any damage (eg damge from boat impact, cracks etc). 

4.7 Summary of Alternative Options 
The alternative options presented have different pros and cons and a detailed assessment of 
these options would require detailed engineering analysis and further investigations, which is 
beyond the scope of this study.  However, a high level review of these options has been 
completed and is summarised in the following table.  An indication of the capital cost and ongoing 
maintenance costs in comparison to the steel sheet pile option are provided. 

Precast “L” Wall – Port Coogee 

CONCRETE 
“L” WALL 

SCOUR
PROTECTION
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Table 4.2 Summary of Alternative Options 

Option Description Concept Capital Cost 
Estimate 

Comparison 

Ongoing
Maintenance Cost 

Estimate 

AMLoCor 

AMLoCor steel used instead of normal 
carbon steel. 

Supply cost 10% greater 
than steel used. 

~$180 to $200k extra. 

Similar to carbon steel 
option, as it doesn’t 
address corrosion in 

upper tidal zone. 

Non-Ferrous 
Sheet Piles 

Vinyl, FRP or Aluminium sheet piles 
instead of carbon steel.  Likely that 

additional tie backs required to achieve 
required strength. 

Likely to be more 
expensive than carbon 
steel as additional tie 

backs likely to be 
required.  Further design 
required to confirm costs. 

Likely to be less than 
carbon steel, but not 

much information 
available on long term 

performance. 

Encasement 

Encasement of steel sheet piles with 
concrete through the splash & intertidal 

zone. 

~$3k to $5k per lineal m 
additional for concrete 

encasement. 

Likely to be much less 
than option without 

protection.  

Concrete encasement 
will still require 
maintenance. 

Rock 
Revetment 

Use a rock revetment instead of a vertical 
edge wall. 

Depends on availability 
of rock.   

~$4k to $6k per lineal m. 

1 - 2% of capital cost per 
annum over life of 

structure.  Therefore less 
than steel sheet pile. 

Concrete 
Diaphragm 

Concrete diaphragm wall with marine 
grade concrete. 

Likely to be more 
expensive than steel 
sheet pile wall.  High 

cost for mobilising 
specialist equipment. 

Likely to be lower than 
carbon steel. 

Concrete “L” 
Walls

Precast concrete “L” wall. Likely to be significantly 
more expensive (1.5 to 2 

times) than sheet pile 
wall option.  Further 
design required to 

confirm costs. 

Likely to be lower than 
carbon steel. 

Note:  1.  The costs provided above are at a concept level only.  Additional investigations and engineering design is 
required to confirm these costs. 
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5. Maintenance Strategy & Recommendations 
Based on the current condition of the sheet pile wall the following maintenance strategy and 
recommendations have been developed. 

A maintenance plan, program and cost estimate is included in Appendix C. 

5.1 Further Investigations 
To provide further clarity on the current condition of the structure and to better understand the 
required maintenance it is recommended that the following further investigations are carried out. 

Soil Testing 
Given the high level of corrosion on the rear side of the sheet pile wall where the sections were 
removed by the Shire, it is recommended that the soil in the backfill is tested to determine its 
corrosive nature.  If the soil is a major contributor to the corrosion of the sheet piles then corrosion 
protection of the back of the wall will be required. 

It is understood that the Shire is currently getting the soil tested, however the results were not 
available at the time of writing this report. 

Inspection of Buried Tie Rods and Waling 
The buried tie rods and waling member was buried at the time of inspection and its condition was 
therefore unable to be determined.  Therefore it is recommended that sections of the tie rods and 
waling are exposed to enable their condition and corrosion protection measures to be determined.  
It is recommended that this occurs at several locations along the wall alignment to give 
confidence in the performance of these items. 

This inspection will result in some damage to the landscaping behind the wall which will need to 
be reinstated following the investigation. 

It is expected that the investigation could cost in the order of $15,000 to $20,000. 

Structural Analysis of Sheet Pile Wall 
Given the limited available design information regarding the sheet pile wall it is recommended that 
additional structural analysis is completed to confirm how much reserve capacity is in the sheet 
piles and when strengthening of sheet piles is required.  This will involve structural analysis of the 
wall under different design loading scenarios with consideration of different corrosion loss on the 
sheets.  This analysis is expected to cost in the order of $20,000. 

The results from this analysis will enable optimisation of the timing of strengthening repairs and a 
better understanding of the wall capacity and the level of corrosion that is acceptable. 

5.2 Repairs 
From the results of the condition inspection it is recommended that the following repairs are 
completed. 

5.2.1 Repairs for Section Loss 
Where the corrosion and section loss of the steel has resulted in the requirement to strengthen 
the sheet pile or where holes need to be sealed to prevent loss of backfill it is recommended that 
repairs are carried out using steel plates welded to the face of the sheet pile.   
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As outlined in Section 5.1 above, further analysis is required to determine the minimum thickness 
that is acceptable before there is a need to strengthen the sheet pile. 

The methodology for this type of repair would involve the following. 

Cleaning back the existing sheet pile to bare metal to enable welding of the new steel to the 
existing sheet pile. 

Installing a new plate of steel over the thin section of sheet pile to strengthen the structure.  
This will need a full seal weld around the perimeter of the plate.   

Reinstating the paint coating over the repaired section to prevent further corrosion. 

An example is shown in the figure below.  The works would need to be carried out during low 
tides.

Figure 5.1 Example Steel Plate Repair 

The costs associated with this type of repair will depend on the extent that needs to be 
strengthened and the number of repairs to be completed.  Works will need to be completed using 
a dive team.  Typical rates for a dive team with the required welding equipment and consumables 
are around $2,500 per day.  It is envisaged that several patch repairs could be completed each 
day.  There would be additional mobilisation and demobilisation costs. 

Once repaired and recoated, the repair is likely to achieve the design life of the structure, 
provided the corrosion protection measures and coatings are maintained. 
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5.2.2 Resealing Stormwater Outlets 
To prevent the loss of backfill from behind the wall there were 4 stormwater outlets that required 
resealing.  A flexible sealant shall be used with appropriate durability to last in the marine 
environment.  An indicative cost of $5,000 is considered appropriate to complete these repairs. 

5.2.3 Repairs / Replacement of the Concrete Capping 
The cracking and spalling of the concrete capping beam needs to be addressed.  This can be 
achieved by carrying out repairs to the existing capping or full replacement of the capping.   

The recommended repair methodology would involve the following: 

Break off any spalling concrete or cracked concrete to expose the corroding steel. 

Clean back and coat the reinforcing steel with a zinc-rich epoxy resin primer.  An example 
product is Nitoprime-Zincrich. 

Reinstate concrete with appropriate epoxy repair mortar such as Xypex Megamix. 

Seal the remainder of the concrete capping beam to limit further corrosion of the reinforcing 
steel.  An example product is Parchem Emer-Stop S100N. 

Based on the condition inspection, this repair is currently required to approximately 80% of the 
length of the capping beam.  It is likely that further repairs will be required in the future as further 
deterioration of the concrete occurs. 

Alternatively the whole capping beam could be removed and reinstated with a new beam which is 
properly designed and constructed for the marine environment.  This is estimated to cost around 
$250,000 to $300,000. 

Given the condition of the beam and the likely inconvenience associated with ongoing repairs it is 
MRA’s recommendation that the full capping beam is replaced.  This does not need to occur 
immediately, but should be completed in the coming few years, depending on how quickly its 
condition deteriorates. 

5.3 Ongoing Monitoring & Inspections 
Ongoing monitoring and inspections of the sheet pile wall is recommended to enable early 
detection of any defects and to prioritise any maintenance works.  The following inspections are 
recommended:

Annual Visual Inspection 
This is to checks for any damage to the protective paint coating or any other damage to the 
structure.  Any holes in the wall or leakage of material from around the stormwater outlets 
should be checked during these inspections.  The condition and evidence of any further 
cracking of the concrete capping beam should also be checked during these inspections. 

5 Yearly Detailed Condition Inspection 
These more detailed inspections should be completed to assess deterioration of the sheet 
pile wall that is not picked up during the annual visual inspections.  This will include diver 
inspection to check the underwater portions of the structure, thickness measurements of the 
steel and testing of anodes (if installed). 



m p rogers & associates pl  DPIRD,  Carnarvon Fascine Wall Independent Review 
K1488, Report R972 Rev 1,  Page 28 

Inspection after Severe Events 
It is also recommended to inspect the structure for any damage following severe events 
such as major floods or storm surge events. 

5.4 Coating Maintenance 
To ensure the continued protection to the steel the paint coating will require regular maintenance.  
As outlined in AS2312.1:2014 a very high build epoxy paint coating is likely to last between 5 and 
15 years in the marine environment until major maintenance or recoating is required. 

In between these major maintenance episodes, minor repairs are likely to be required to require to 
address any localised damage to the coating or areas were corrosion is evident.  The need for 
these minor repairs and confirmation of the preferred timing for major maintenance works will be 
determined from the ongoing annual inspections of the coating. 

The cost for minor repairs to the coating is expected to be around $10,000 per year initially 
following recoating and increasing to around $20,000 per year as the coating deteriorates. 

The major recoating is expected to be required approximately every 10 years and is expected to 
cost in the order of $400,000, however this will depend on the level of deterioration of the coating 
and the require preparation works. 

5.5 Upgrades & Additional Protection 
As there is currently no additional corrosion protection to the immersed or buried portions of the 
sheet pile it is recommended that a Cathodic Protection (CP) system is designed and installed on 
the structure to limit any further corrosion.  The need for a CP system for the rear of the wall 
should be confirmed following the additional investigation into the corrosive nature of the backfill 
material as outlined in Section 5.1. 

If the additional investigations show the need for corrosion protection on the rear of the wall the 
recommended system is likely to involve an Impressed Current Cathodic Protection (ICCP) for the 
rear of wall and a Sacrificial Anode Cathodic Protection (SACP) for the front of wall.  The ICCP 
system is likely to provide some protection to the front of the wall depending on the conductivity of 
the soil beneath the wall.  The need for sacrificial anodes along the front of the wall should be 
determined following the installation of the ICCP and testing to confirm the effectiveness of that 
system. 

The final design of such a system would be subject to the detailed design by a corrosion expert. 

The cathodic protection system will generally only provide protection up to around the mid tide 
level and maintenance of the paint coating for the sheet above the level will still be required. 

5.6 Cost Estimates 
A detailed maintenance plan including estimated costs is provided in Appendix C.  As outlined in 
the plan the following maintenance costs are expected to be required on the structure over the 
next 20 years. 
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Table 5.1 Summary of Maintenance Plan Costs 

Item Immediate 
(Year 1) 

Medium Term 
(Years 2 – 10) 

Long Term 
(Years 11 – 20) 

Investigations & Monitoring $45,000 $105,000 $110,000 

Repairs & Maintenance $115,000 $805,000 $540,000 

Upgrades & Additional Protection $525,000 $100,000 $250,000 

Total $685,000 $1,010,000 $900,000 

Note:  1.  A detailed breakdown of these costs is provided in Appendix C. 

The annual average maintenance costs for steel sheet pile marine structures are typically in the 
order of 1-2% of the new costs or replacement value of the structure (Thoresen 2003).  The above 
maintenance costs are within this range. 
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6. Summary & Conclusions 
The following points provide a summary of the independent assessment for the Carnarvon 
Fascine Sheet Pile Wall. 

The condition inspection confirmed the high levels of corrosion experienced around the tidal 
/ splash zone of the wall.   

Corrosion rates were typically in the range of 0.25 to 0.75mm/year with higher localised 
rates where the deep pitting and corrosion holes had formed. 

The corrosion rates were similar to those described in the Australian Standards for the very 
severe marine environment. 

If the wall was not painted and without any maintenance it is estimated that the wall will last 
5 to 10 years before reaching the end of its useful life.  Some areas with higher localised 
corrosion rates may reach the end of their useful life before this time.  With the recently 
applied paint coating it is estimated that the wall will last 5 to 15 years as there are other 
issues which need to be addressed other than the corrosion in the upper tidal zone.  Further 
investigations are required to confirm this. 

An assessment of the suitability of the steel that was used was carried out together with 
comparisons to alternative material.  The steel was found to be acceptable provided 
additional corrosion protection measures were included such as paint coatings or cathodic 
protection.  Other materials could have also been used, but further design and analysis is 
required to confirm how effective these alternative materials would be. 

The concrete capping beam design did not meet the requirements of the relevant Australian 
Standards (eg insufficient strength and cover) and was also found to be poorly constructed 
(eg concrete cover much less than design).  MRA’s recommendation is that the capping 
beam is replaced with a new concrete capping designed and constructed in accordance 
with the relevant Australian Standards. 

A detailed maintenance strategy, with costings, was prepared for the coming 20 years.  
Significant maintenance works are required to ensure the continued performance of the 
sheet pile wall.  Further investigations are also recommended to gain a better 
understanding of the condition of the soil behind the wall, the condition of the tie rod and 
waling, and the amount of reserve capacity in the wall.  It is expected that approximately 
$2.6M will need to be spent on the wall in the coming 2 decades. 
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8. Appendices 
Appendix A Design Drawings 

Appendix B Shorewater Marine – Diver Inspection Report 

Appendix C Maintenance Plan 
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Appendix A Design Drawings 
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M P Rogers & Associates 
1/128 Main Street 
Osborne Park, WA 6017 
 

 
SUBJECT:  Carnarvon Fascine Sheet Wall Inspection   

 
INTRODUCTION: 
 
Shorewater Marine Pty Ltd was engaged by Peter Doust on behalf of M P Rogers & Associates to 
provide commercial diving services to conduct an above and below water assessment on the sheet 
wall piling fascine wall, located at Carnarvon, Western Australia 
 
All work was accomplished as per SWM-0686 quotation document and structured on the Department 
of Primary Industries RFQ Document DPIRD – IM001. Supplied by M P Rogers & Associates. 
 
All enquiries while on site were directed to Peter Doust of M P Rogers & Associates. 

Shorewater Marine has provided the following report on all works completed. The report submission 
includes, executive summary, methodology for works completed, general observations and table of 
findings, summary, and recommendations for future maintenance. 

REPORT 
INFORMATION 

NAME TITLE COMPANY SIGNATURE DATE 

Prepared S. Williamson Project Manager 
Dive Supervisor 
Director 

SWM  14/11/17 

Reviewed H. Hill Operations 
Manager  

SWM  14/11/17 

Approved S. Williamson Project Manager 
Dive Supervisor 
Director 

SWM  15/11/17 

 
Diver name Position ADAS Qualification number 
S. Williamson Dive Supervisor 03943 
M. Hunt Lead Supervisor 11658 
B. Schutte Diver  11559 
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EXECUTIVE SUMMARY:  
 
Shorewater Marine Pty Ltd (SWM) attended Carnarvon, Western Australia from the 23rd to the 26th of 
October 2017 to conduct an above and below water assessment on the sheet wall piling fascine wall, 
located at Carnarvon, Western Australia. 
 
The sheet wall piling had recently been blasted and painted, making it difficult to conduct a visual 
inspection above tidal level due to the thickness of the paint coating applied. However, SWM’s divers 
did provide a detailed visual inspection; commenting on several corrosion holes/areas of section-loss 
observed on sheet wall piles throughout the length of the fascine wall. Ultrasonic Thickness Testing 
(UTT) was also completed to confirm section loss within the allocated test locations, all findings are 
tabled within this report. 
 
It was also noted by the divers that the sheet wall piles have no cathodic protection and the 
submerged in-water pile sections are freely corroding.  Cathodic protection potential testing was 
carried out concurrently with UTT testing to confirm that at present no sacrificial anodes, or impressed 
current cathodic protection systems are present on the fascine wall, findings are tabled within this 
report. 
 
Additionally, SWM divers completed a visual inspection on the fascine walls concrete capping, finding 
concrete spalling and cracking within approximately 80% of the sheet wall piling concrete capping. It 
was also observed that there was little concrete cover over the rebar, resulting in sections of concrete 
blowing out, exposing the rebar. 
 
To complete the inspection works SWM’s divers conducted an extensive walk through and dive 
inspection covering the entire 800 lineal metres of the sheet wall piling from seabed to concrete 
capping level, with SWM divers continuously commenting on any defects, this included but was not 
limited to; outflow pipes, sheet wall pile clutches, retainment rods and nuts, areas of subsidence, paint 
coating defects and corrosion formation.  
 
The works were completed on time and with no incidents or injuries, all work was undertaken in 
accordance with the relevant AS/NZ Standards. SWM’s team documented all the required information 
on a site template, for the purpose of reporting.  
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TERMS AND ABBREVIATIONS: 
 

Abbreviation Written in Full 
ADAS Australian Diving Accreditation Scheme 
AS/NZS Australian/New Zealand Standards 
HAT Highest Astronomical Tide 
MSL Mean Sea Level – referring to the Intertidal Column 
CD Chart Datum 
CP Cathodic Potential 
LAT Lowest Astronomical Tide 
N/A Not Accessible or Not Required  
CC Concrete Capping 
DP Depth of Protective Paint Coating 
PC Paint Coating 
SB Sea Bed 
SWM Shorewater Marine Pty Ltd 
QHSE Quality, Health, Safety and Environment 
UTT Ultrasonic Thickness Testing 
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TIME LINE OF WORKS: 
 

Date  Works achieved  
20th  SWM dive team completed all equipment checks required to complete the works and 

loaded onto the work ute ready for departure.    
 

23rd  SWM Dive team departed Perth, bound for Carnarvon 
24th SWM Arrive on site and complete Shorewaters site set up and all necessary 

documentation including Shorewater site specific inductions, Job Safety Analysis 
(JSA) and Safe Work Method Statement (SWMS). Start inspection 
 

25th SWM Continue inspection. 
26th SWM Departed Carnarvon for Perth 

 
 
 
DETAILED WORK DESCRIPTION: 

1. Upon arrival at site Shorewater Marine Pty Ltd completed Shorewaters site set up and all 
necessary documentation including Shorewater site specific inductions, Job Safety Analysis 
(JSA) and Safe Work Method Statement (SWMS). Shorewater Marine Pty Ltd used a 
commercial dive team to AS/NSZ:2299.1 to complete the required works.  

2. Completed visual inspection of 800 lineal meters of sheet wall piling, above and below water. 
Noting the condition of paint coatings, corrosion, defects, irregularity and general condition. 
Including comments on the condition of the concrete capping beam. 

3. Cleaning of the sheet wall/removal of marine growth & corrosion to check the condition of 
steelwork & conduct thickness measurements with Ultrasonic Thickness Testing (UTT) 
equipment on a selection of sheet piles to confirm the typical condition of the piles at the pile 
cap, highest astronomical tide level, intertidal level and at lowest astronomical tide level or 
seabed level if it was found to be higher than LAT.  

4. Completed UTT testing on the sheet wall structure at 40.0m intervals in 21 locations on a 
convex and concave face and a minimum of 1 diagonal face, at each location, at the above 
nominated levels (Pile Cap, HAT, MSL/Intertidal Column & LAT)  

5. Visual inspection for anodes and cathodic potential meter testing. 
6. Measurements of unprotected steel or freely corroding steel.  
7. Visual inspection of all outflow pipes  
8. Photographs and videos of the above. 
9. Inspection report on the above with recommendations for repair. 
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TOOLS UTILISED: 
 
The following specialized equipment was utilised to gather the required information. 
 

 Ultrasonic Thickness Testing Equipment – Shorewater Marine Pty Ltd, utilised a Tritex Multi 
Gauge 3000 underwater thickness tester to conduct all UTT measurements, on assembly, prior 
to use, the thickness testing unit was calibrated utilising 2 test pieces of steel, included within 
the Thickness Testing unit’s assembly kit, these pieces of steel are 10 and 15 mm precisely in 
diameter. Each is tested to ensure the unit is providing accurate measurements prior to use.  

 
 A MPS anode meter was utilised for the Cathodic Protection Potential readings and the 

following statement was adhered to: As stated within AS 2832.3-2005 Cathodic protection of 
metals Part 3: Fixed immersed structures a safe range for protection of a Steel structure is 
between -800 to -1050mV. If a steel structure is under protected it is either freely corroding 
or prone to corrosion.  

 
 An Olympus Stylus TG-4 was utilised for under water and above water photos. 
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VISUAL INSPECTION FINDINGS: SHEET WALL PILES 
 
A protective paint coating had recently been applied to the sheet wall piles (application date 
unknown). The paint coating was overall in a good condition, however divers noted that typically the 
lowest 100-200mm of the paint coating, within areas subject to water fluctuation, may have been 
affected by the rising tide during the coatings application, with visible distortion of the coating 
observed in these areas. In other areas, divers observed “holidays” in the paint coating at seabed level, 
where rocks sat against the face of the sheet wall piling, with the painting application completed 
without the removal of the obstruction. 
 
Pitting and scalloping of the steel was observed under the paint coating in all areas, however it was 
most prominent in intertidal areas.  
 
During the painting process localised corrosion holes had been identified by the painting contractor 
and covered over with duct tape, presumably for future patch welding repairs, these patches were 
most prominent between chainage areas 710 - 800. 
 
SWM divers also noted additional corrosion holes that were not patched over, but had received 
application of a new paint coating in the following chainage areas:  
 

 Chainage - 710 to 800 number of corrosion holes ranging from 5 - 30mm in dia. In addition to 
those noted above that had been covered for later repair.  

 Chainage - 590 at 450mm below capping level 15mm in dia. 
 Chainage - 590 at 200mm below capping level 10mm in dia. 
 Chainage - 160 at 420mm below capping level 20mm in dia. 
 Chainage - 161 at 410mm below capping level 25mm in dia. 

 
Sheet wall piling below LAT, in subsea areas had a consistent layer of surface corrosion with no 
localised scalloping or corrosion holes observed. All sheet wall piles below LAT are bare steel and are 
freely corroding. Calculated on the average uncoated depth of 0.738m multiplied by the 800 lineal 
meters of sheet wall piling, 590.4m2 would require cathodic protection. 
 
Note: The visibility during the project below the water line was poor, limiting the divers vision, it is 
possible that due to the minimal thickness of the paint coating in intertidal areas, smaller corrosion 
holes may have been covered over by the paint coating, making them impossible to identify during a 
visual inspection.  
 
 
  



 
 

SHOREWATER MARINE PTY LTD 
 

 

  COMMERCIAL DIVING & MARINE 
    MAINTENANCE 
 

 
 

 Shorewater Marine Pty Ltd                     Carnarvon Sheet Wall Inspection                             Page 34 of 44 

 
SHEET WALL PILE PHOTOS: TYPICAL DEFECTS 
 

   
  1.1                 1.2 

   
  1.3                                                                             1.4 

                
               1.5                 1.6 
 
1.1 – Example of paint coating not applied due to the presence of rocks on the seabed. 
1.2 – Example of corrosion holes observed that had not been painted or prepared for repair. 
1.3 – Example of corrosion holes observed that had been patched, presumably in preparation for 
repair. 
1.4 – Example of corrosion holes observed that had been painted over. 
1.5 – Example of corrosion holes observed that had been painted over. 
1.6 – Typical corrosion observed on the bare steel in subsea areas. 
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VISUAL INSPECTION FINDINGS: AREAS OF COMPLETED PATCH WELDING 
 
Within chainage areas 725 to 800 a number of patch welded plates covering corrosion holes have 
been installed. All patches are in good condition, however some do not cover all of the corrosion holes 
in that area, as seen in the below photos. 

 

   
         2.1          2.2 
 
2.1 – Example of completed patch welding repairs. 
2.2 – Example of corrosion holes observed in the sheet wall piling, outside of the coverage of the 
completed patch welding repairs. 
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VISUAL INSPECTION FINDINGS: CONCRETE CAPPING 
 
The concrete capping within chainage areas 709-800 is in a good condition with only a single small 
crack found between chainage 709 -710.  
 
The concrete capping within chainage areas 0-709 has cracking forming in approximately 80% of the 
length of the concrete with a number of areas suffering concrete spalling and exposure of 
reinforcement, divers observed that there was very minimal coverage of concrete between the rebar 
and the outside edge of the concrete, resulting in spalling corrosion, exposure of the reinforcement 
and cracking.  
 
Chainage area 325 has concrete section loss with exposed rebar the rebar showing the effects of 
accelerated corrosion. 
 
Chainage area 130 has concrete section loss with concrete spalling exposing the rebar, divers also 
noted that the concrete breaks away easily in hand with little to no force required. 
 
Typically, the presence of cracking, spalling and rebar exposure is isolated to the underside of the 
capping beam and the seaward face across the 800 lineal metres. 
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CONCRETE CAPPING PHOTOS: TYPICAL DEFECTS 
 

   
         3.1          3.2 

   
          3.3          3.4      

  
          3.5          3.6 
 
3.1, 3.2 & 3.3 – Typical concrete spalling, leading to exposure of the rebar observed on the underside 
of the concrete capping. Photos also identify the minimal thickness of concrete between the rebar 
and bottom face 
3.4, 3.5 & 3.6 – Typical concrete cracking observed on the underside of the concrete capping beam. 
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VISUAL INSPECTION FINDINGS: OUT FLOW PIPES  
 
In addition to the quoted work scope divers visually inspected all drainage out flow pipes and tide 
flaps, all findings are tabled below. 
 

CHAINAGE DIVER COMMENTS - OUT FLOW PIPES 
800 Tide flap and hinge in good condition, gap between pipe and sheet wall pile 

has been sealed with hessian bags and seal has failed causing subsidence, 
recommend resealing pipe 

730 Tide flap and hinge in good condition, gap between pipe and sheet wall pile 
has been sealed with tyre tube, tube is in poor condition. 
Water is evident behind sheet wall; pipe needs to be resealed ASAP to stop 
subsidence. 

710 Tide flap and hinge in good condition, pipe extrudes out through steel ring. 
Hole at base of ring which is allowing water ingress, recommend sealing at 
the earliest opportunity. 

615 Tide flap and hinge in good condition. 
Gap between pipe and sheet wall pile sealed with tyre tube and held with 
hose clamp. 
Recommend sealing. 

500 Tide flap and hinge in good condition, pipe protrudes through steel ring 
Pipe is sealed to ring and is in good condition. 

460 Tide flap and hinge in good condition, pipe protrudes through steel ring 
Pipe is sealed to ring and is in good condition. 

400 Tide flap and hinge in good condition, pipe protrudes through steel ring 
Pipe is sealed to ring and is in good condition. 
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OUT FLOW PIPE PHOTOS: TYPICAL DEFECTS 
 

   
          4.1          4.2          

   
          4.3          4.4 
 
4.1 – Overview drainage outflow pipe and tide flap configuration. Seal between the sheet wall piling 
and outflow pipe is in a good condition. 
4.2 – Example gap between sheet wall piling and outflow pipe sealed with a hessian bag, causing 
subsidence. 
4.3 – Example gap between sheet wall piling and outflow pipe sealed with a tyre tube, causing 
subsidence. 
4.4 – Example hole at the base of the ring at chainage 730, with water evident behind sheet wall piling. 
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VISUAL INSPECTION FINDINGS: PILE LIFTING POINTS  
 
Within chainage areas 710 to 800 sheet wall piles have open holes, presumed lifting points during 
fabrication, that may lead to corrosion or back full material subsidence. As seen in the below photos. 
 

   
         5.1          5.2 
 
5.1 & 5.2 – Example presumed lifting points. 
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VISUAL INSPECTION FINDINGS: RETAINMENT RODS, NUTS & WASHERS  
 
The retainment rod system was in good condition with no rod, nut or washer defects noted. However, 
it was observed by the divers that in chainage areas 685 and 675 that open tie-rod holes had been left 
un-capped, this may lead to back fill material subsidence. 
 
 

   
          6.1          6.2 

   
         6.3          6.4 
 
6.1 & 6.2 – Examples of retainment rod system in good condition, with no observed defects. 
6.3 & 6.4 – Example of open retainment rod holes that are unsealed, that may lead to back fill material 
subsidence. 
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VISUAL INSPECTION FINDINGS: ENTRY/EXIT LADDERS 
 
All ladders were observed to be visually in a good condition with only minor painting coating defects. 

 

   
         7.1          7.2 

   
         7.3          7.4 
 
7.1 & 7.2 – Examples of entry/exit ladders with no observed defects. 
7.3 & 7.4 – Examples of entry/exit ladders with minor paint coating defects on rebar edges.  
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RECOMMENDATIONS:  
 
Shorewater Marine would recommend conducting the following remedial repair works on the 
Carnarvon Fascine Wall to assist with the longevity of the structure.       
   
CATHODIC PROTECTION: 
 
Designing a sacrificial anode Cathodic Protection system to sufficiently protect the submerged steel 
structure, within the recommended range of protection, for fixed immersed structures. Continuity 
welding of the Sheet Wall Pile clutches is recommended, for optimum performance of the sacrificial 
anode system. 
 
SHEET WALL PILING: 
 
Patch welding of corrosion holes, lifting points and retainment rod holes is recommended to prevent 
possible subsidence of back fill materials, and assist with the longevity of the structure. 
 
CONCRETE CAPPING BEAMS: 
 
Repair of spalling corrosion, concrete section loss and concrete cracking is recommended to prevent 
further spalling and/or section loss. Products such as Xypex Megamix are capable of providing a 
sufficient repair. 
 
OUTFLOW PIPES: 
 
Repair of the damaged seals between the outflow pipes and the sheet wall piling is recommended at 
the earliest convenience to prevent further subsidence. 
 
PROTECTIVE PAINT COATING: 
 
Continued annual maintenance of the protective paint coating is recommended to ensure areas above 
the low water mark, particularly through the intertidal column, remain sufficiently protected from the 
harsh marine environment, Shorewater Marine would also recommend addressing areas of the sheet 
wall piling, left unprotected, due to the presence of rocks or other obstructions on the seabed. 
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SUMMARY: 
 
Shorewater Marine has provided these findings & recommendations, based on industry experience 
and works completed similar in nature to the Carnarvon Fascine Wall. We do recommend that M P 
Rogers review all findings and recommendations. 
 
Shorewater Marine can provide many repair methodologies for consideration, with budget quotations 
on all recommended repairs.  
 
Shorewater Marine PTY LTD would like to thank M P Rogers & Associates for providing us with the 
opportunity to complete the above and below water assessment of the sheet wall piling fascine wall, 
located at Carnarvon, Western Australia.  
 
We hope the information provided in this report is written in a clear and detailed manner, we are 
available on the numbers listed should you have any questions or queries regarding this report or any 
future works we can assist you with. 
 
Kind Regards 
 
Shorewater Marine PTY LTD  
Office: 08 9408 0896  
Fax: 08 9408 0917  
Email: shorewatermarine@bigpond.com 
Web: commercialmarinewa.com.au  
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Appendix C Maintenance Plan 
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Maintenance Plan 
The following maintenance plan has been prepared to assist in planning and programming future 
maintenance works on the Carnarvon Fascine Sheet Pile Wall over the coming 2 decades.  This 
plan shall be reviewed and updated as required during the life of the wall. 

Further Investigations 
In order to confirm the current condition of the wall and to gain a better understanding of the 
reserve capacity of the wall the following investigations shall be completed as a high priority and 
before committing to any costly repairs. 

Soil Testing 
The backfill material shall be sampled and tested by an experienced geotechnical consultant to 
confirm the corrosivity of the soil.  The presence of organics, high acidity or contaminants in the 
soil can lead to corrosive conditions.  The composition of any retained water behind the wall can 
also create corrosive conditions.  Therefore the testing shall confirm the composition of the soil 
and water retained behind the wall.  The consultant shall provide comment on the likely extent 
that the backfill and retained water is contributing to corrosion of the sheet pile wall including the 
tie rods and waling. 

The soil samples shall be taken from a minimum of 5 locations along the length of the wall. 

A description of the geotechnical conditions shall also be provided which will be used in the 
structural analysis of the sheet pile wall. 

The results from the soil sampling and testing shall be summarised in a brief geotechnical report. 

Inspection of Buried Tie Rods & Waling 
To ascertain the condition and existing corrosion protection measures for the tie rods and waling 
members a selection of tie rods and waling shall be exposed and inspected. 

As a minimum it is recommended that the tie rods are exposed and inspected at 3 locations along 
the length of the wall.  Locations shall be determined in consultation with the Shire to ensure 
disruptions are kept to the minimum. 

The results from the inspection shall be documented in a brief report including a description of the 
findings and photographs.  If the members are found to be corroding an assessment of the loss of 
section shall be provided. 

Following the inspection the landscaping shall be reinstated to the condition prior to the inspection 
works.

Structural Analysis of Sheet Pile Wall 
To confirm the reserve capacity of the sheet pile wall and to assist in determining the 
requirements for strengthening repairs, structural analysis of the wall shall be completed by a 
Structural Engineer with experience in the design of marine sheet pile walls. 

Appropriate design criteria for the analysis shall be determined by the consultant in consultation 
with the Shire (eg. design life, surcharge loads etc). 

The analysis shall include an assessment of distribution of design actions for a section through 
the wall.  The amount of reserve capacity in the sheet piles shall be assessed for different levels 
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of corrosion applied at various heights on the sheet pile.  The outcomes of this analysis shall 
enable the Shire to confirm what level of corrosion is acceptable and when strengthening of the 
sheet piles is required to achieve the required design capacity. 

The results of the analysis shall be summarised in brief report. 

Repairs 
The following repairs shall be completed to extend the useful life of the structure.  All repairs shall 
be undertaken by a Marine Contractor with experience in marine maintenance works. 

Plate Repairs to Strengthen Wall and Seal Holes 
The extent and timing of plate repairs shall be determined following the results of the additional 
investigations outlined above.   

Plate repairs (if required) shall involve the following. 

Cleaning back the existing sheet pile to bare metal to enable welding of the new steel to the 
existing sheet pile. 

Installing a new plate of steel over the thin section of sheet pile to strengthen the structure.  
This will need a full seal weld around the perimeter of the plate.  The thickness of the plate 
and the weld size will depend on the results of the structural analysis above. 

Reinstating the paint coating over the repaired section to prevent further corrosion. 

Sealing Stormwater Outlets 
To prevent loss of backfill material from around the drainage outlets the gap between the pipe and 
the sheet pile wall shall be resealed.  There are 4 outlets to be sealed at approximate chainages 
615, 710, 730, and 800 as outlined in the Shorewater Marine report. 

Concrete Capping Replacement 
The existing concrete capping shall be demolished and replaced with a new reinforced concrete 
capping beam.  The new concrete capping beam shall be designed by a qualified structural 
engineer with experience in the design of marine structures.  The design shall comply with the 
strength and durability requirements of AS4997-2005 and AS3600-2009. 

Demolition and disposal of existing capping shall be undertaken carefully to ensure there is no 
damage to the existing pavements and sheet pile wall.  Any damage shall be made good by the 
Contractor at no additional expense to the Shire. 

Construction of the new capping shall be undertaken in accordance with AS4997-2005 and 
AS3600-2009.  The concrete shall have a minimum strength of 32MPa prior to stripping forms and 
shall be continuously water cured for a period of 7 days. 

Ongoing Inspections & Monitoring 
Annual Visual Inspections 
A visual inspection of the wall shall be carried out on an annual basis.  This shall be carried out 
during low tides.  The following shall be checked and documented. 

Any damage to the wall or the protective paint coating. 

Any leakage of backfill material from around drainage outlets. 
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Condition of the concrete capping beam. 

Evidence of any subsidence. 

Photographs showing the general condition and any defects or damage. 

The results shall be summarised in a brief report. 

5 Yearly Detailed Condition Inspection 
A detailed condition inspection shall be undertaken every 5 years.  This shall be completed by an 
experienced coastal engineer together with divers.  The following shall be recorded: 

Detailed visual inspection of the above and below water portions of the wall noting any 
damage or defect. 

Clean back and completed Ultrasonic Thickness (UT) testing to confirm the thickness of the 
steel.  This shall include tests at 20 locations along the length of the wall.  At each location 
there shall be tests at 4 levels on the sheet pile (ie. Cap, HAT, MSL, LAT/Seabed). 

Photographs showing the general condition and any defects or damage. 

Recommended maintenance works. 

The results shall be summarised in a brief report. 

Inspection Following Severe Events 
The wall shall be inspected for damage or movement following any severe events including: 

Major flooding events. 

Storm surge events. 

Overloading of the wall. 

Coating Maintenance 
Minor Repairs 
Following the annual inspections, any defects in the paint coating shall be repaired to ensure 
protection to the steel.  The repairs shall be completed in accordance with the requirements of 
AS2312.1-2014 and to the paint manufacturer’s recommendations.  The paint used shall be a high 
build epoxy and shall be compatible with the existing paint coating (Sigmashield 880).   

Recoating 
The paint coating is likely to deteriorate over time and reach a stage where it requires recoating.  
The timing of recoating will be determined from the results of the annual inspections.   

The recoating works shall include blast cleaning the sheet piles to Class Sa2 ½ in accordance 
with AS1627.4-2005 then coating with a high-build epoxy paint coating.  The painting shall be 
completed in accordance with the requirements of AS2312.1-2014 and to the paint manufacturer’s 
recommendations.  The paint shall be applied in a minimum of 2 coats. 
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Upgrades & Additional Protection 
Depending on the results of the further investigations outlined above additional corrosion 
protection may be required to extend the life of the sheet pile wall.  This protection shall be 
achieved by installing an appropriate cathodic protection system as outlined below. 

Cathodic Protection 
The cathodic protection system shall be designed by personnel with experience and qualifications 
in the design of cathodic protection. 

Two types of cathodic protection systems are available including sacrificial anodes and impressed 
current systems.  To offer the best level of protection a combination of the two systems shall be 
considered (eg impressed current for the rear of the wall, sacrificial anodes for the front of the 
wall).

To ensure electrical continuity between each of the sheet piles a 75mm continuity weld shall be 
applied between the clutches at the top of each sheet pile.  Any damage to the paint coating shall 
be reinstated. 

The installation of the cathodic protection system shall be completed by an experienced 
contractor to the requirements of the cathodic protection design developed above. 
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