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Newcastle Port Corporation is directly 
responsible for the operations and 
maintenance of 11 multi-user berths 
and associated infrastructure within the 
Port of Newcastle. In accordance with 
their asset management strategy NPC 
commissioned a condition assessment 
of Berth’s 3 and 4 at the Western Basin. 
The berths form a total quay line of 518 
meters and deck surface area of 7,379m2. 
They were constructed in the late 1960’s 
in a staged construction sequence 
starting with Berth No.3. The berths 
(shown below) are of reinforced concrete 
construction, comprising a cast in situ 
reinforced concrete deck and crane 
beams supported on five rows of precast 
(prestressed) concrete piles. An anchored 
steel sheet pile wall retains fill on the 
landside of the berths. SMEC’s Materials 
Technology Group was engaged to 
undertake a condition assessment of the 
berths to identify the following: (1) the 
cause and extent of damage (2) develop 
suitable repair options with priority and 
(3) assess the remaining life with and 
without repairs. The following article 
presents a summary of the key findings 
from the project. 

Wharf Beams
History
In the early 1990’s over 500m2 of 
delaminated concrete was noted on the 
seaward crane/fender beam. Sampling 
at the time confirmed chloride ingress 

to be the primary cause of deterioration. 
This was not surprising given the low 
reduced level (R.L) of the beam soffit 
exposing the beams to splash at high 
tide. Another contributor to the lack 
of durability was the design concrete 
grade of 25MPa (standard practice at the 
time of construction) which resulted 
in very high chloride ion diffusion 
coefficients. An impressed current 
cathodic protection (ICCP) system was 
installed on the front beam soffit in 
1998 which comprised mesh ribbon 
anodes embedded in slots and within 
concrete repairs. This installation was 
one of the earliest applications of ICCP 
repair technology in Australia. The 
performance of the ICCP system has 
been monitored by others and overall 
appears to be providing a satisfactory 
level of protection to the majority 
of reinforcement on the front beam 
soffit. In 2001, a large scale concrete 
repair program was undertaken on the 
remaining beams of Berth 3. The works 
involved removal of the soffit cover 
concrete and spray applied concrete 
repairs. Cathodic protection was not 
incorporated in these works. Review 
of project documentation indicates 
that the application of silane was 
recommended for repair areas and 
beam soffit and side concrete surfaces 
(excluding the front beam) to slow the 
rate of corrosion and prevent further 
chloride ingress. 

2012 Investigation Findings
Overall, the majority of previous 
concrete repairs appeared to be 
performing satisfactorily after 10+years 
of exposure. Localised cracking and 
drummy areas were noted adjacent 
concrete repairs (figure 2 (a)) which is 
indicative of incipient anode activity 
(where the rebar corrosion shifts 
directly adjacent to the repairs). A 
significant increase in the extent of 
damage to parent concrete elements 
was noted on Berth 3 and 4 when 
compared to results from the 1995 
investigation. The majority of damage 
was observed on the rear beam of the 
wharf, which was not unexpected 
given the beam soffit is exposed to 
more frequent splash and spray from 
wave action on the seawall. Chloride 
sampling indicated that 60% of sample 
locations had exceeded the corrosion 
activation threshold at cover depth. 
Interestingly, chloride content results 
on initial depth increments (0-30mm) 
for the beams were in some cases 
lower than those at depth. This may 
be due in part to carbonation and/
or application of silane during the 
previous concrete repair works. Half-cell 
potential mapping indicated moderate 
probability of corrosion at the beam 
test sites based on gradients of excess of 
100mV/300mm, although only 1 out 
of the 5 test sites indicated potentials 
more negative than -250mV. Based on 

the governing deterioration mechanism 
(chloride ingress), predictive modelling 
indicated that widespread corrosion 
activation could be expected within the 
parent concrete elements in the next 
10-15 years. 

Repair Solutions
In view of the current level of damage 
to the beams and forecast chloride 
ingress to currently sound areas, 
monitoring and mitigation measures 
(e.g. silane) were unlikely to be effective 
for ongoing management of the wharf. 
Repair options developed for the beams 
included extending the impressed 
current cathodic protection (ICCP) to all 
remaining beams of the wharf (Option 
1) and localised patch repair (with 
sacrificial anode CP) to the intermediate 
beams in combination with ICCP to 
the rear beam (Option 2). Whilst ICCP 
is the technically sound long term 
strategy, it requires a high capital outlay 

and ongoing maintenance cost of the 
system. A life cycle cost comparison 
indicated that by implementing Option 
2, considerable cost savings could be 
achieved over the medium term (20-30 
years). However, this saving would be 
lost if a remaining service life of greater 
than 30 years is required. 

Wharf Piles
History
During the 1995 investigation, 20 piles 
(out of 869 piles) were noted to have 
cracking, rust staining and drummy 
concrete within 1 metre of the beam 
soffit. At the time, repairs were not 
considered to be a high priority. 

2012 Investigation Findings
A desktop review and site observations 
indicated that up to 58 piles were 
exhibiting cracking and rust staining as 
shown in Figure 3(a) below. Breakout 
of a cracked area confirmed that 

moderate section loss of reinforcement 
had occurred. Interestingly though the 
reinforcement (at similar cover depth) 
was uncorroded directly adjacent the 
damaged site, this is shown in Figure 
3(a). Chloride ingress profiles measured 
at the crack location confirmed the 
chloride content at cover depth was well 
above the corrosion activation threshold 
(Figure 3(b)). Conversely, sampling on 
a sound concrete pile indicated that 
the chloride content at cover depth 
was well below the corrosion activation 
threshold. This finding correlated with 
findings of the 1994 investigation as 
shown in Figure 3(b) below. Half cell 
potential mapping on a sound concrete 
pile did not indicate the presence 
of active reinforcement corrosion 
occurring. Carbonation tests indicated 
minimal carbonation had occurred. 
Based on the site investigation results 
and low chloride diffusion coefficients 
measured, it was believed that the 
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Figure 1: (a) General view of wharf. Figure 3 (a) Rebar condition at cracked pile

Figure 2: (a) Damage adjacent repair.

(b) Plan view and location within port. (b) Chloride ingress profiles piles.

(b) Chloride ingress profile.
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quality of the pile concrete was sound 
and unlikely to be a contributing factor 
to the observed deterioration. The piles 
were precast with 2 inch (~50 mm) 
cover and a design concrete grade of 
40 MPa (blended cement mix). Cover 
measurements confirmed that the 
cover to prestress at the cracked site 
was as per design, which indicated that 
the observed cracking was unlikely to 
be a function of low cover. Given the 
random nature of the observed damage 
and considerations noted above, it was 
believed that the cracking or micro 
cracking of the piles had occurred by 
structural action potentially during 
installation (pile driving), providing 
a direct path for chloride ingress and 
premature reinforcement corrosion at 
the crack sites. Predictive modelling 
indicated that widespread corrosion 
activation could be expected within 
the currently sound concrete piles in 
the next 40-45 years. Once corrosion 
is initiated it is expected that corrosion 
rates would be high given that the 
corner reinforcement of the pile is 
exposed to chloride ingress on two faces. 

Repair Solutions
For the piles, localized concrete repairs 
(with sacrificial anode CP) appeared to 
be the most practical approach given 
the 40-45 years remaining life of the 
currently sound piles. 

Sheetpile Wall
Over the past decade accelerated low 
water corrosion (ALWC) has become 
a well-known concern around the 
Port of Newcastle. This posed a 
significant corrosion risk to the steel 
sheet pile wall. NPC initially managed 
this risk at the West Basin through a 
monitoring program (every 6 months) 
that included dive inspection and 
spot ultrasonic steel thickness testing 
at predetermined heights from the 
seabed to the atmospheric zone. A 
key objective of this commission was 
to develop a longer term corrosion 
protection strategy. This involved 
review of past dive inspection and steel 
thickness monitoring results as well as 
visual inspection and steel and coating 
thickness measurements above the 
water line. Considering the severity 
of the marine exposure the existing 
coating system (high build glass flake 
reinforced polyester coating) appeared 
to have provided adequate protection 
to the wall above low water since its 
application in 1997. Maintenance 
options such as over-coating the 
existing coating system were considered 
to be inappropriate in view of the 
existing coating thickness, evidence 
of pinhole corrosion staining, and 
increased likelihood of coating failure 
between the interface of the existing 
and new coating system. Technical 

specifications were developed for re-
application of the coating in the tidal 
and atmospheric zone and installation 
of sacrificial anodes in the submerged 
zone. The protection criteria required 
for the CP system for the sheet piling 
was increased to -950 mV with respect 
to a copper/copper sulphate reference 
electrode to mitigate accelerated low 
water corrosion. Immersed ICCP for 
the sheet pile wall was not considered 
a viable option due to the possibility of 
stray currents impacting on the wharf 
concrete piles. 

Conclusions
Managing existing assets affected by 
corrosion is an ongoing challenge 
faced by all major asset owners. A 
targeted condition assessment is often 
required in developing repair options 
that are tailored to meet the remaining 
economic life of the asset. This 
approach not only provides confidence 
in the deterioration state of the asset 
but more importantly it provides the 
asset owner with a technical basis for 
a more effective forward maintenance 
plan which can potentially lead 
to better utilisation of capital and 
operating funds. 


