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Creative Commons information 
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This work is licensed under a Creative Commons Attribution 4.0 Licence.  You are free to copy, communicate and adapt 
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available online or electronically but only if its recognised as the owner of the copyright and this material remains 
unaltered. 
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Executive summary 

 
Figure 1 Barron River Bridge1 

The 256 m long Barron River Bridge at Kuranda is an iconic major bridge on a strategic route that services 
Kuranda, the Atherton Tablelands and areas further to the west of Cairns.  The expectation is that this high 
long bridge will remain in-service for the foreseeable future. 

The bridge was designed for the H20S16 design load (33 t truck) and featured tall concrete piers and 
fabricated steel girders with spans of 45.7m (150 feet) and 36.6 m (120 feet).  The superstructure is 
continuous over the piers with drop-in spans and steel halving joints.  The deck wearing surface is concrete. 

The unverified Tier 1 assessment indicates that the girders and the headstock cantilevers are operating at 
margins less than current Australian standards for general access semi-trailers (42.5 t) and the 50.5t 19m B-
doubles / truck and dogs that can access the route.  This assessment is consistent with other long span 
bridges designed to the H20S16 design load and with long spans such as this bridge.  

The drawings for the Barron River Bridge at Kuranda were progressively released over a period of 18 months 
between December 1960 and June 1962 with the steel for the girders pre-purchased by the Department of 
Transport and Main Roads and supplied to the successful tenderer for the superstructure.  This accelerated 
construction program appears related to the construction of the Barron Gorge Hydro scheme, which was 
commissioned in 1963 and flooded the previous low-level bridge. 

Significantly, the steel girders were retrofitted with stressed Macalloy bars before the bridge was opened.  The 
drawings for the retrofit were signed in March 1963 – more than 18 months after the drawings for the steel 
girders were signed.  The reason for the retrofit has not been identified, but it was possibly in response to the 

                                                      
 
1 
https://www bing com/images/search?view=detailV2&ccid=5544Gh%2fu&id=28145F45A3E467CAADD3E06CADECCD55CEC5EBF9&thid=OIP 5544Gh_udJvDieVvnn16qwHaEJ&medi
aurl=http%3a%2f%2fstatic panoramio com%2fphotos%2flarge%2f6209518 jpg&exph=573&expw=1024&q=barron+river+bridge+at+kuranda&simid=608040102999623168&selectedIndex=
0&ajaxhist=0  
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failure by brittle fracture2  of the steel girder Kings Bridge in Melbourne in July 1962.  An alternative hypothesis 
is that an independent review recommended strengthening.  This retrofit is now compromised through both 
pitting corrosion and wear of the stressing bars vibrating against the girders raising concerns of brittle failure in 
the bars.  

There are also concerns about stability of bearings due to the inclination of the rockers, wear, and corrosion 
with total loss of section in some of the bolts that provide the stability of the bearings.  Leaking deck joints 
contributes both to the deterioration of the bearings and the steelwork in general.  There is some suggestion 
that the protective coating may be reaching the end of its economic life and if access is required for other 
actions then repainting may be appropriate at the same time. 

The abutment deck joints are now noisy and expensive to maintain, and issues have been identified with the 
guardrails. 

After 55 years of service, it is considered timely to develop and implement a detailed Life Extension Plan for 
the Barron River Bridge to manage the identified risks and prepare the bridge for its remaining life.  The 
purpose of the Life Extension Plan is to ensure that the operation, capacity and condition of a specific structure 
is systematically managed and monitored to ensure; safety of the road user, network efficiency, and prevent 
occurrences (load or condition) which may lead to severe structural damage or collapse.   

An indicative timeline for the development and implementation of the Life Extension Plan follows: 

 

 

                                                      
 
2 Brittle fracture is uncommon in Queensland but can occur.  Factors that mitigate against brittle fracture at Barron River include the 

moderate temperatures at Kuranda and the detailing of the welding to avoid transverse fillet welds.   

Phase 2018 2019 2020

J A S O N D J F M A M J J A S O N D J F M A M J J A

I Risk Management

II Investigations

III Rehabilitation / Life extension Planning

IV Implementation

V Management
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3.2 In scope 

 Review existing inspection reports and drawings. 

 Identify and recommend the appropriate investigations necessary to safely manage and extend the life 
of the bridge. 

3.3 Out of scope 

 Risk assessments 

 Conduct of detailed investigations. 

 Development of a Structure Management Plan for the bridge. 

4. Background  

The Barron River Bridge at Kuranda is the first high level bridge built at this location and carries the Kennedy 
Highway across the Barron River. 

The Kennedy Highway serves Kuranda, the Atherton Tablelands and areas to the west of Cairns. The highway 
has high strategic significance to the State road network and is generally used by industry and tourists. Traffic 
volumes are AADT (2017) = 8871 vehicles per day with 12.23% HV = 1085 heavy vehicles per day.  

The road is a General Access Route.  Vehicles such as semi-trailers and truck and dogs access the route.  
The road geometry of the Kuranda Range is restrictive in terms of access by longer heavier vehicles such as 
B-doubles and road trains, however the increased power and manoeuvrability of modern trucks is enabling 
larger trucks to access the route. 

The two-lane fabricated steel girder bridge is long (840 feet or 256 m) and high (deck up to 66 feet or 20 m 
above the top of the concrete spread footings). 

The bridge was constructed during 1961 to 1963: 

 The design drawings were released progressively over 18 months between December 1960 and 
June 1962.   

 The steel for the bridge was pre-ordered and supplied by the then Department of Main Roads to 
the steel fabrication contractor. 

 It appears the accelerated construction was related to the construction of the Barron River hydro 
scheme, which flooded the existing lower level bridge. 

 The steel girders in the Kings Bridge in Melbourne collapsed via brittle fracture on the 10th July 
1962 – prior to the opening of the bridge Barron River Bridge at Kuranda.  The report of the Royal 
Commission into the failure of the Kings Bridge was published in 1963. 

 Drawings detailing the “Prestressing of the lower flange” were signed 15 March 1963 – 8 months 
after the collapse of the Kings Bridge and more than 18 months after the girder drawings were 
signed.  One hypothesis is that concerns over the potential brittle fracture of the Barron River 
Bridge led to the strengthening on the tension flange via external post-tensioning.  
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Figure 4  Deck cross-section  
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Figure 5 Piers 2, 3 & 4 (Piers 1 & 5 similar) 
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Figure 6 Expansion joint rocker bearings at drop-in spans.  Note:  Bottom radius of rocker (63/4”) rotates on a 
flat surface.  Top radius of rocker (13/8”) rotates in a greased cylindrical grove in the sole plate. 
Grease nipples and PVC seals / washers provided to lubricate movement of rocker against sole plate. 
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Figure 7 Overview of girders.  Note haunch at piers, stiffened webs, drop-in spans and shear studs 

 

Figure 8 Prestressing of lower flanges – Span 3 & 4 shown.  All sag moment regions treated this way 

5.4 Deck Wearing Surface and Line Marking 

The bridge has a concrete wearing surface (refer Figure 9).  The line marking is eccentric with a wider 
shoulder on the northern side to accommodate a pedestrian walkway. 
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Figure 9 Deck wearing surface, line-marking and ‘footway’ looking towards Cairns away from Kuranda 
(eastbound)  

5.5 Dates 

The drawings for the Barron River Bridge at Kuranda were progressively released over a period of 18 months 
between December 1960 and June 1962 with the steel for the girders pre-purchased by the Department of 
Transport and Main Roads and supplied to the successful tenderer for the superstructure.  This accelerated 
construction program appears related to the construction of the Barron Gorge Hydro scheme, which was 
commissioned in 1963 and flooded the previous low-level bridge (refer Table 2). 

Significantly, the steel girders were retrofitted with stressed Macalloy bars before the bridge was opened.  The 
drawings for the retrofit were signed in March 1963 – more than 18 months after the drawings for the steel 
girders were signed.  The reason for the retrofit has not been identified, but it was possibly in response to the 
failure by brittle fracture7  of the steel girder Kings Bridge in Melbourne in July 1962.  An alternative hypothesis 
is that an independent review recommended strengthening.  This retrofit is now compromised through both 
pitting corrosion and wear of the stressing bars vibrating against the girders raising concerns of brittle failure in 
the bars.  

                                                      
 
7 Brittle fracture is uncommon in Queensland but can occur.  Factors that mitigate against brittle fracture at Barron River include the 

moderate temperatures at Kuranda and the detailing of the welding to avoid transverse fillet welds.   
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Figure 10   Barron River Bridge:  Abutment deck plates are noisy and difficult to maintain (Kuranda abutment 28 
May 2018) 

  
(a) General arrangement (b) View of underside of bottom flange, sole plate and rocker plate 

Figure 11   Barron River Bridge:  Kuranda abutment downstream rocker bearing.  Note:  Grease nipples, ‘red’ 
iron oxide dust from fretting of rocker rubbing on sole plate (28 May 2018) 

Page Number: 25 of 187

Rele
as

ed
 u

nd
er

 R
TI

 - 
DTM

R



 

22 
 

 

Figure 12  Barron River Bridge. Note: Fabricated steel girders, cross-girders, drop-in span joints, services, rail 
for inspection gantry, piers (26 May 2018) 
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Figure 13 Barron River Bridge at an expansion joint of the drop-in span.  Note halving-joint, rocker bearings, 
opportunity for water to penetrate the deck at joint, discolouration from coating holding coat (26 May 
2018) 

 

Figure 14 Barron River Bridge:  Wear in Macalloy bars vibrating against stiffeners (Kuranda end span, 28 May 
2018) 
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Figure 15 Barron River Bridge:  Pitting corrosion in Macalloy bar (Kuranda end span, 28 May 2018) 

 

Figure 16 Barron River Bridge:  Rocker bearing at a drop-in span expansion joint.  Note:  Missing nut and bolt 
to rocker bearing and possible residue ‘flakes’ from bolt and nut (image supplied by TMR Cairns) 
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Figure 17 Barron River Bridge:  Rocker bearing at a drop-in span expansion joint.  Note:  Inclination of rocker; 
missing nut and top half of bolt through rocker although head of the bolt is still in position, partial 
loss of head to bolt at the top of the rocker, the visible gap between the shank of the bolt and the 
restraining bracket (image supplied by TMR Cairns). 

 

Figure 18 Barron River Bridge:  Span 2 expansion rocker bearing at Pier 3.  Note ‘depression’ in left end of 
base plate where it contacts the rocker (Figure 14 from Defect Repair Options Report #1, 20 May 
2017) 
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Figure 19 Barron River Bridge:  Fixed bearing at Pier 3.  Note stiffeners, two bolts, corroded nut (Figure 7 from 
Defect Repair Options Report #1, 20 May 2017) 

 

Figure 20 Barron River Bridge:  Expansion rocker bearing at Pier 4.  Note improved condition away from the 
deck joints and the unstiffened ‘kinks’ in the bottom flange of the girders (Figure 22 from Defect 
Repair Options Report #1, 20 May 2017) 

7. Management Strategy 

The current management strategy is to maintain the bridge for an expected life of at least 50 years by 
investigating and managing current risks and taking steps to prevent further deterioration and reduce ongoing 
maintenance costs for this strategic asset. 

Consider developing a business case to support the rehabilitation and life extension works for this major asset. 
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7.1 Stewards Review 

The Barron River Bridge is an iconic major bridge on a strategic route that services Kuranda, the Atherton 
Tablelands and areas further to the west of Cairns. 

It has been servicing the community since its opening in 1963 (55 years).  While this is encouraging from a 
past performance perspective, it is not a guarantee of future performance given the deterioration evident and 
the increasing traffic demand.  

The bridge is a continuous H20S16 bridge with long spans (150 ft or 45.7 m) for its era. The average span of 
bridges on TMR’s current road train and B-double routes in the early 1960s was approximately 11 m – less 
than ¼ of the span of the Barron Rive Bridge. The Barron River Bridge is a large bespoke bridge and one of 
few large span steel girder bridges in Queensland from this era (e.g. Fitzroy Bridge in Rockhampton and the 
David Trumpy Bridge in Ipswich).   

The bridge is located on a General Access route and the traffic is restricted by the range between Kuranda 
and Cairns.  However, modern trucks and trailers as well as improvements in the alignment are enabling larger 
trucks to access the route.  An aspirational goal for this route would be for HML B-doubles to access the route.  
Access by cranes, low loaders and load platform trailers should also be considered for those vehicles that can 
traverse the range. 

Water penetrating the deck joints has exacerbated the deterioration in the vicinity of the joints, especially 
around the steel rocker expansion bearings.  Away from the leaking deck joints, the rocker bearings are in 
much better condition.  Improving the waterproofing of the deck joints will improve the life / reduce the 
maintenance costs associated with the bearings and the structural steelwork. 

The bridge was repainted in the early 1990’s.  The original Red lead coating system was over coated rather 
than removed.  There is currently evidence of spots of corrosion including pitting corrosion of the girder flanges 
and the Macalloy bars.   

The pitting corrosion of the Macalloy bars and the notches induced by wear of the Macalloy bars due to 
vibration are of particular concern because of the high levels of stress (620 MPa) in the Macalloy bars may 
lead to stress corrosion cracking in these bars and an increased risk of sudden failure of the bars.  A plan is 
required for the corrosion protection of the steelwork and corrosion / abrasion of the Macalloy bars.  One 
option is to replace the Macalloy bars. 

Some of the nuts and parts of the bolts that restrain the rocker bearings have deteriorated severely with some 
portions missing altogether. Corrosion is a likely cause, but this may have been exacerbated by rotations of 
the rocker eccentrically loading / stressing the bearing restraint bolts and nuts (refer Figure 21).  This raises 
concerns about the restraint of the bearings.  Short-term risk interventions are recommended to manage the 
associated risks. 

The fretting corrosion evident at Kuranda abutment rocker bearings suggests the bearings may be suffering 
significant wear with the rockers ‘eating into’ the sole plate or vice versa11.  There is also some suggestion 
that the rocker may be wearing into the base plate at some locations.  For example, Figure 18 (Figure 14 of 
Barron River Defect Options Report #1 (Appendix C)) suggests a possible wear depression in the base plate.  
The Defect Options Report #1 also summarises the measurements between the base plate and the edge of 
the curved rocker surface (e.g., Figure 17 of Appendix C).  A comparison of these field measurements with the 

                                                      
 
11  One interpretation of Figure 17 is that the bolt through the sole plate to the rocker is closer to the top of the sole plate than shown 

on the drawings and this is a consequence of wear. 
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theoretical ‘as new’ measurements summarised in Figure 21 of this report for the drop-in span rocker bearings 
suggests that: 

 Either there is a build-up of paint and debris on the base plate or there is some wear of the rocker / 
base plate interface, or a combination. 

 The rotations at the time of the measurement were moderate (approximately equivalent to Figure 
21 (b)) and potentially enough to load the bolts. 

   
 

(a) 0 mm travel (b) 18 mm travel – bolt 
using half of tapered 
hole in rocker, nuts at 
point of conflict with 
rocker  

(c) 36 mm travel –bolt 
against tapered hole in 
rocker, nuts in conflict 
with rocker  

(d) 65 mm travel – 
unstable  

Figure 21 Barron River Bridge:  Drop-in span expansion rocker bearing schematic for various relative travel. 

Rocker bearings that exceed their travel have the potential to cause significant disruption as the bridge may 
drop significantly with the resulting dynamics potentially overloading / damaging / collapsing the bridge.  The 
movement studies undertaken to date have focused on the movements due to thermal effects.  However, 
there will also be substantial movements due to traffic loads / crowd loadings (e.g. a fun run starting from the 
bridge…) due to the haunched girders and the articulation.  An audit of the circumstances required for the 
bearings to exceed their travel should be part of the management plan for this bridge. 

The likely increased friction in the rocker bearings is of concern as it leads to unpredictable behaviour, 
increased forces in the bridge that must be restrained by severely deteriorated restraining bolts and tall pier 
bearings.  These risks should be addressed in the short-term potentially by greasing the rocker bearings and 
safely restraining potential longitudinal movement by, for example, replacing critical severely deteriorated bolts 
and nuts or by the addition of restraint blocks. 

The bridge was retrofitted with stressed Macalloy bars on the lower flanges in 1963.  Information collated to 
date has not identified the reasons for the retrofit.  The timing of the retrofit suggests it may be related to the 
brittle fracture of the steel Kings Bridge in Melbourne which was designed and constructed at around the same 
time.  The Royal Commission into the collapse of the Kings Bridge was critical of the supply and testing of the 
higher tensile steel and its fabrication / inspection.  The steel for the Barron River Bridge was pre-purchased 
and supplied to the fabricator (Evans Deakin Industries) by the then Department of Main Roads.  The 
specification indicates that the steel was to Australian Standard A33 (1935) and Class D Plate.  This standard 
is not well-known, brief and does not specify testing for brittle fracture considered essential by the Royal 
Commission, for example.  There is also a wide range of ultimate tension strengths and yield strengths (refer 
Appendix D for further information).  A hypothesis is that concerns about the steel led to the bottom flanges 
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being pre-compressed in order to reduce the tension stresses in the flanges for the then H20S16 design load 
and thereby reduce the risk of brittle fracture.  An alternative hypothesis is that an independent review 
indicated that the bridge needed to be strengthened.  Given that current traffic loads exceed the H20S16 
design load it is prudent that properties of the steel and the reasons for the now compromised retrofit inform 
the management of and access to this bridge.  

Assessment experience indicates that bridges with spans significantly larger than the norm for the era do not 
assess as well for current traffic loads compared to assessments of bridges with typical spans for the era.  The 
available assessment is consistent with this general observation with SARs as low as 0.6.  This assessment 
needs independent validation and a critical review of the sensitivity of the assessment to the assumptions in 
the assessment, including the issues associated with brittle fracture.   

It is noted that the critical elements in the assessments are identified as the edge girders and the pier 
cantilevers.  The critical drive-line for these elements is heavy vehicle adjacent to the kerb. The line marking of 
a pedestrian walkway on the northern side of the bridge encourages the westbound traffic to travel adjacent to 
the kerb thereby loading the critical elements more compared to vehicles travelling in lanes centred on the 
bridge. 

The bridge is high, long and over water on a heavily trafficked route.  Consequently, access for bridge 
rehabilitation is difficult / expensive.  An access inspection gantry was incorporated in the design but is no 
longer considered safe to use because of corrosion of the rails and current WHS issues.  The type of access 
required will vary depending on the refurbishment activity.  Some activities could be conducted from an UBIU 
whereas others will require a partial or full scaffold or moveable access platform.  Given the significant cost of 
access it will be prudent to consider the overall demands for access and to schedule multiple activities to 
utilise the access.  For example, if access is required to jack the bearings then it may be prudent to update the 
protective coating at the same time or to develop a reusable access system that would be suitable for 
accessing the entire bridge. 

A visual summary of the issues is presented in Figure 22. 
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7.2 Life Extension Plan 

The 256 m long Barron River Bridge at Kuranda is an iconic major bridge on a strategic route 
that services Kuranda, the Atherton Tablelands and areas further to the west of Cairns.  The 
expectation is that this high long bridge will remain in-service for the foreseeable future. 

The bridge was designed for the H20S16 design load (33 t truck) and featured tall piers and 
fabricated steel girders with spans of 45.7m (150 feet) and 36.6 m (120 feet).  The 
superstructure is continuous over the piers with drop-in spans and steel halving joints.  The 
unverified Tier 1 assessment indicates that the girders and the headstock cantilevers are 
operating at margins less than current Australian standards for general access semi-trailers 
(42.5 t) and the 50.5t 19m B-doubles / truck and dogs that can access the route. 

The drawings for the Barron River Bridge at Kuranda were progressively released over a 
period of 18 months between December 1960 and June 1962 with the steel for the girders 
pre-purchased by the Department of Transport and Main Roads and supplied to the 
successful tenderer for the superstructure.  This accelerated construction program appears 
related to the construction of the Barron Gorge Hydro scheme, which was commissioned in 
1963 and flooded the previous low-level bridge. 

Significantly, the steel girders were retrofitted with stressed Macalloy bars before the bridge 
was opened.  The drawings for the retrofit were signed in March 1963 – more than 18 
months after the drawings for the steel girders were signed.  The reason for the retrofit has 
not been identified, but it was possibly in response to the failure by brittle fracture12 of the 
steel girder Kings Bridge in Melbourne in July 1962.  An alternative hypothesis is that an 
independent review recommended strengthening.  This retrofit is now compromised through 
both pitting corrosion and wear of the stressing bars vibrating against the girders raising 
concerns of brittle failure in the bars.  

There are also concerns about stability of bearings due to the inclination of the rockers, wear, 
and corrosion with total loss of section in some of the bolts that provide the stability of the 
bearings.  Leaking deck joints contributes both to the deterioration of the bearings and the 
steelwork in general.  There is some suggestion that the protective coating may be reaching 
the end of its economic life and if access is required for other actions then repainting may be 
appropriate at the same time. 

The abutment deck joints are now noisy and expensive to maintain, and issues have been 
identified with the guardrails. 

After 55 years of service, it is considered timely to develop and implement a detailed 
Structure Management Plan (SMP) for the Barron River Bridge to manage the identified risks 
and prepare the bridge for its remaining life.  The purpose of the Life Extension Plan is to 
ensure that the operation, capacity and condition of a specific structure is systematically 
managed and monitored to ensure; safety of the road user, network efficiency, and prevent 
occurrences (load or condition) which may lead to severe structural damage or collapse.   

                                                      
 
12 Brittle fracture is uncommon in Queensland but can occur.  Factors that mitigate against brittle fracture at 

Barron River include the moderate temperatures at Kuranda and the detailing of the welding to avoid transverse 

fillet welds.   
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An indicative outline of the development and implementation of the Life Extension Plan is 
presented in Table 4: 

Table 4 Live Extension Plan – Indicative program 

 
Further details are summarised in Table 5. 

Phase 2018 2019 2020

J A S O N D J F M A M J J A S O N D J F M A M J J A

I Risk Management

II Investigations

III Rehabilitation / Life extension Planning

IV Implementation

V Management

Page Number: 36 of 187

Rele
as

ed
 u

nd
er

 R
TI

 - 
DTM

R



Page Number: 37 of 187

Released under R
TI - D

TMR



NR

Page Number: 38 of 187

Released under R
TI - D

TMR



Page Number: 39 of 187

Released under R
TI - D

TMR



Page Number: 40 of 187

Released under R
TI - D

TMR



 

Life Extension Interim Report – Barron River Bridge (7799) - 1 -
 

Appendix A  Level 3 Inspection – Barron River Bridge BIS IS 7799 (BCM&AM, 
Dec 2015) 
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 INTRODUCTION 
Bridge Construction, Maintenance and Asset Management (BCM&AM) was 
commissioned by the North Queensland Region of Transport and Main Roads to carry 
out a Level 3 inspection of Barron River Bridge, BIS ID 7799, located on the Kennedy 
Highway (Road 32A) at chainage 12.599 km.  

In addition to bridge condition issues identified by the Region, a Tier 1 assessment 
undertaken by a consultant has indicated a very low girder capacity for the traffic loads 
(Semi trailer 45.5T) which are currently trafficking the bridge. Therefore a close 
inspection of the girders was required to ascertain any presence of structural distress 
which may further compromise girder capacity.  

(BCM&AM of the Structures Branch) undertook a site inspection of the 
bridge on the 21st and 22nd of May 2015. Accompanying him were: 

Structural Engineer, (Far North District/ Cairns Office) on the first day. 

Structural Engineer, (RoadTek/ Cairns Office) on the second day. 

The aim of this Level 3 inspection was to assess the condition and structural adequacy 
of the bridge and to outline any remedial measures necessary. 

This report presents the issues and deficiencies identified and details rectification 
works required to address these deficiencies. Appendix A contains photographs of the 
condition of the bridge taken during the Level 3 inspection. 

 DESCRIPTION OF BRIDGE 
The Bridge Information System (BIS) indicates that the bridge was opened to traffic 
in January 1963. Other details are as follows: 

 
a. The structure is a composite steel girder and concrete slab bridge, which is 256 m 

long, 8.5344m wide between kerbs; 
b. The bridge consists of six spans of either 36.576m or 45.720m with no skew; 
c. The bridge is on 0.7% longitudinal slope, up from A1 to A2 abutment; 
d. The bridge is continuous over all piers with hinges creating a simple supported 

section on spans 2 and 5;  
e. The bridge deck consists of a 165mm to 229mm thick composite concrete deck 

with 4 welded beam (WB); Steel girders used for various spans with varying depth; 
11/4 inch Macalloy bars used to strengthen all spans; 

f. The pier headstocks are supported by a single reinforced concrete column. Each 
column rests on a reinforced concrete pad footing which bears directly on the 
foundation material; 

g. Abutment A and B consist of reinforced concrete wing wall and abutment walls 
supported by a pad footing bearing directly on the foundation material; 

h. The overall condition of the bridge is rated in BIS as Condition State 3 due to 
reported rocker bearing problems; 

i. The bridge was designed for H20 – S16 loading; 
j. The structure currently is not on a designated B-double or Road Train route. 

 

NR

NR

NR

Page Number: 45 of 187

Rele
as

ed
 u

nd
er

 R
TI

 - 
DTM

R



Page Number: 46 of 187

Rele
as

ed
 u

nd
er

 R
TI

 - 
DTM

R



Page Number: 47 of 187

Rele
as

ed
 u

nd
er

 R
TI

 - 
DTM

R



Level 3 Inspection Barron River Bridge BIS ID 7799 

Department of Transport and Main Roads      Page 7 of 18 

 To protect the steel from further corrosion, it is recommended that it be 
repainted. However from observing the delamination of paint at the bearing, 
the presence of red lead paint was detected (Refer orange colour in Photo 12, 
Appendix A). This will need to be taken into account in determining an 
appropriate paint system and a methodology to prepare the areas prior to 
painting. 

 
 

  SUBSTRUCTURE 

6.1  Bearings 
 

The bridge consists of 4 welded beams sitting on rocker bearings. Currently all 
expansion bearings have a movement towards Abutment A1. Because of the 0.7% 
longitudinal grade, the level of Abutment A1 is about 1.79m lower than that of 
Abutment A2. This may have been the primary cause for the rotation and movement of 
bearings. Current bearing movement is not deemed to adversely affect the structure 
capacity or performance. The table below provides a summary of the measured 
movement and condition of each bearing  
 
Location Type of bearing Measured 

movement 
(mm) 

Condition Photo 

A1 Expansion -8 Fair 10 
P1 Fixed 0 Fair 11 
Suspended 
span (P1-P2) 

Fixed hinge 0 Severe corrosion of 
anchor bolts and 
exposed red lead 
paint 

12 

Suspended 
span (P1-P2) 

Expansion hinge -15 Fair 13 

P2 Fixed 0 Corrosion of 
anchor bolts 

14 

P3 Fixed 0 Corrosion of 
anchor bolts 

15 

P4 Expansion -22 Severe corrosion 
anchor bolt 

16 

Suspended 
span (P4-P5) 

Expansion hinge +22  17 

Suspended 
span (P4-P5) 

Fixed hinge 0   

P5 Fixed 0  18 
A2 Expansion -8  19 

 
Note:  
Inclination towards A2 is a positive value (+)  
 

6.1.1 Remedial Actions 
 Replace the corroded nuts of anchor bolts of bearings at pier P2, P3, P4 and 

suspended span (P1-P2) and (P4-P5) 
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 Replace the defective hex bolts between the sole plate and rocker (Photo 17). 

 Jack up to reinstall the expansion bearings at suspended spans (P1-P2) and (P4-
P5) 

 

6.2 Abutments 
 
Both abutments were in sound condition no evidence of cracking or concrete spalling  
 
A minor scour hole was observed adjacent to the front face of Abutment A2 wall. The 
abutment footings are buried and as such could not be inspected. 
 

6.2.1 Remedial Actions 
 No repair works are required at this time.  

 

6.3 Piers 
 
All of the headstocks were in sound condition with no cracking. The footing and lower 
part of the pier walls were in the water and could not be inspected.  
 

6.3.1 Remedial Actions 
 
 No repair works are required at this time.  

  

 CONCLUSION 
Although movement of expansion bearings and an excessive gap were observed at the 
finger joints, none of these require urgent attention. However they should be monitored 

further during future level 2 inspections. If they deteriorate further, then this office should be 
contacted. However it is recommended that the severe corroded bearings should be repaired 
as soon as possible. 

The repaint of corroded steel components such as steel girders and stressing bars is required 
within 2 years because of mid aggressive environment. During inspection, the red lead paint 
has been observed. Therefore the repaint work would be expensive. The fully assessment of 
existing paint to fund the work needed to implement now. 
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Appendix A – Photos 
 

 

 

Photo 1: Bridge deck 

 
 

 

Photo 2: Abutment 1 expansion joint  
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Photo 3: Abutment 2 expansion joint 

 

 

 
Photo 4: P1-P2 fixed joint 
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Photo 5: P1 – P2 finger joint 

 

 

 

Photo 6: P4 – P5 finger joint 
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 Photo 7: P4 – P5 fixed joint  

 

 

 

Photo 8: Crack on concrete slab 
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Photo 9: Steel corrosion 

 

 

 

Photo 10: A1 expansion bearing 
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Photo 11: P1 fixed bearing 

 

 

 

Photo 12: Suspended span (P1-P2) fixed bearing. (Evidence of Red Lead Paint) 
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Photo 13: Suspended span (P1-P2) expansion bearing. 

 

 

Photo 14: P2 fixed bearing 
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Photo 15: P3 fixed bearing 

 

 

Photo 16: P4 fixed bearing 
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Photo 17: Suspended span (P4-P5) expansion bearing 

 

 

Photo 18: P5 fixed bearing 

 

 

Page Number: 58 of 187

Rele
as

ed
 u

nd
er

 R
TI

 - 
DTM

R



Level 3 Inspection Barron River Bridge BIS ID 7799 

Department of Transport and Main Roads      Page 18 of 18 

 

 

Photo 19: A2 expansion bearing 
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Appendix B  Level 2 Inspection (RoadTek, May 2017) 
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Appendix C  Inspection Report – Barron River Inspection BIS ID 7799: Defect 
Repair options Report #1 (RoadTek, May 2017) 

 

Page Number: 120 of 187

Rele
as

ed
 u

nd
er

 R
TI

 - 
DTM

R



Page Number: 121 of 187

Rele
as

ed
 u

nd
er

 R
TI

 - 
DTM

R



NR

NR

NR

NR

NR

NR

Page Number: 122 of 187

Rele
as

ed
 u

nd
er

 R
TI

 - 
DTM

R



Page Number: 123 of 187

Rele
as

ed
 u

nd
er

 R
TI

 - 
DTM

R



Page Number: 124 of 187

Rele
as

ed
 u

nd
er

 R
TI

 - 
DTM

R



Page Number: 125 of 187

Rele
as

ed
 u

nd
er

 R
TI

 - 
DTM

R



Page Number: 126 of 187

Rele
as

ed
 u

nd
er

 R
TI

 - 
DTM

R



Page Number: 127 of 187

Rele
as

ed
 u

nd
er

 R
TI

 - 
DTM

R



Page Number: 128 of 187

Rele
as

ed
 u

nd
er

 R
TI

 - 
DTM

R



Page Number: 129 of 187

Rele
as

ed
 u

nd
er

 R
TI

 - 
DTM

R



Page Number: 130 of 187

Rele
as

ed
 u

nd
er

 R
TI

 - 
DTM

R



Page Number: 131 of 187

Rele
as

ed
 u

nd
er

 R
TI

 - 
DTM

R



Page Number: 132 of 187

Rele
as

ed
 u

nd
er

 R
TI

 - 
DTM

R



Page Number: 133 of 187

Rele
as

ed
 u

nd
er

 R
TI

 - 
DTM

R



Page Number: 134 of 187

Rele
as

ed
 u

nd
er

 R
TI

 - 
DTM

R



Page Number: 135 of 187

Rele
as

ed
 u

nd
er

 R
TI

 - 
DTM

R



Page Number: 136 of 187

Rele
as

ed
 u

nd
er

 R
TI

 - 
DTM

R



Page Number: 137 of 187

Rele
as

ed
 u

nd
er

 R
TI

 - 
DTM

R



Page Number: 138 of 187

Rele
as

ed
 u

nd
er

 R
TI

 - 
DTM

R



Page Number: 139 of 187

Rele
as

ed
 u

nd
er

 R
TI

 - 
DTM

R



Page Number: 140 of 187

Rele
as

ed
 u

nd
er

 R
TI

 - 
DTM

R



 

Life Extension Interim Report – Barron River Bridge (7799) - 1 -
 

Appendix D  Miscellaneous BIS ID 7799  

Barron River Bridge:  Material Properties 

Material Property 

Concrete  21 MPa (3,000 psi)  uno 

Reinforcement fsy = 230 MPa (Structural Grade A81)  

Structural 
steel 

No information of the drawings.  Most steel was supplied by the Commissioner  

Specification provides the following:  

Square edge flats 
Girder flats 
Rolled steel 
beams 
Rolled Steel 
angles 

Australian Standard A1(1956)  

 

or 

British Standard Specification BS 15 (1959) 

Universal beams BS 15 (1959) 

Plates (for 
girders) 

Australian Standard A33 (1937) for Class D Plate  

 28 tons/in2 < UTS < 33 tons/in2 or  
 386 MPa < UTS < 455 MPa 
 20% elongation 
 Yield strength not less than 50% UTS 
 Sulphur and phosphorus: both <0.06% 
 No other chemical requirements  

or 

British Standard Specification BS 15 (1959) 

Bearing Steel Cast Steel or Australian Standard Specification E.7-1938 for Grade B Cast 
Steel.  Forged Steel complying with SAA Specification E.17-44 
for Class L Forgings may be used in lieu of Structural Steel or 
Cast Steel for Expansion bearing Sole Plate. 

Structural Steel Structural steel produced by the acid or basic Open Hearth 
process complying with Australian Standard Specification A1 
1956 or British Standard Specification BSS 15 – 1948. 

386 – 455       207 – 345 

MPa              MPa 
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Strength Assessment Ratio (SAR) 

Assessment ratios such as the Strength Assessment Ratio (SAR) are defined in the Tier 1 Bridge Heavy Load 
Assessment Criteria.  An extract from the T1BHLAC follows.  For further information refer to the T1BHLAC: 

For the purposes of Tier 1 assessments in accordance with this Brief, the general strength equation for bridges is 
expressed as follows: 





n

i
iAViAViAVAVQRVRVRVQSGSGu QAVFQGGR

1
_____ )1()1(   

The general strength equation can be rearranged to define the following Assessment Ratios: 

a) Strength Assessment Ratio (SAR) 

 

effects load  ULSTotal

capacity ULS

)1()1(

***

1
_____





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
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
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u
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R
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R
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
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b) Equivalence Ratio Traffic (ERT) 

 

Vehicles ngAccompanyi and Referenceby  applied loading ULS

effects load livefor capacity  bridge  ULSAvailable
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*

1
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c) Equivalence Ratio Bridge (ERB)  

 

Vehicle Referenceby  applied loading ULS

effects Vehicle Referencefor capacity  bridge  ULSAvailable

)1(
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_

1
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The Assessment Ratios are calculated at the component level for a given loading scenario. The minimum values of the 
Assessment Ratios correspond to the weakest link in the bridge and are therefore of prime interest.  

Assessment Ratios can be recorded for both a particular location and effect of interest or for groups of components 
incorporating data from a range of locations, components and effects. The Assessment Ratio reported for groups of 
components are the minimum Assessment Ratios for the grouping. 
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Definition of Fretting 

Fretting damage in steel can be identified by the presence of a pitted surface and fine 'red' iron oxide dust 
resembling cocoa powder. Strictly this debris is not 'rust' as its production requires no water. The particles are 
much harder than the steel surfaces in contact, so abrasive wear is inevitable; however, particulates are not 
required to initiate fret. 

The fundamental way to prevent fretting is to design for no relative motion of the surfaces at the contact. 
Surface roughness plays an important role as fretting normally occurs by the contact of the asperities of the 
mating surfaces. Lubricants are often employed to mitigate fretting because they reduce friction and inhibit 
oxidation (https://en.wikipedia.org/wiki/Fretting). 
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Creative Commons information 
© State of Queensland (Department of Transport and Main Roads) 2017 

 
http://creativecommons.org.licences/by/4.0/ 

This work is licensed under a Creative Commons Attribution 4.0 Licence.  You are free to copy, communicate and adapt 
the work, as long as you attribute the authors. 
The Queensland Government supports and encourages the dissemination and exchange of information.  However, 
copyright protects this publication.  The State of Queensland has no objection to this material being reproduced, made 
available online or electronically but only if its recognised as the owner of the copyright and this material remains 
unaltered. 

The Queensland Government is committed to providing accessible services to Queenslanders of all cultural 
and linguistic backgrounds.  If you have difficulty understanding this publication and need a translator, 
please call the Translating and Interpreting Service (TIS National) on 13 14 50 and ask them to telephone 
the Queensland Department of Transport and Main Roads on 13 74 68.

Disclaimer: While every care has been taken in preparing this publication, the State of Queensland accepts no 
responsibility for decisions or actions taken as a result of any data, information, statement or advice, expressed or 
implied, contained within.  To the best of our knowledge, the content was correct at the time of publishing. 

TMR OnQ Template Version 3.0 (06/09/2017)  
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Endorsement and Approval 

Customer  

I accept that this project has been completed and handed over to my organisation: 

 

Name 

Position Manager (Delivery & Operations) 

Signature  Date  

Comments 

 

 

The following officers have endorsed this document: 

Name 

Position Principal Engineer (Civil) 

Signature  Date  

 

Name 

Position Engineer (Civil)  

Signature  Date  

 

Name 

Position Contract Engineer  

Signature  Date  
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Page Number: 147 of 187

Rele
as

ed
 u

nd
er

 R
TI

 - 
DTM

R



 

Assessment of Short-term Risks and Investigation Scope – Barron River Bridge (7799) - iv -
 

Sponsor  

This project has been completed and this report hands it over to the project customer: 

Name 

Position Deputy Chief Engineer (Structures) 

Signature  Date  

Comments 

 

The following officers have endorsed this document: 

 

Name 

Position Director, Structures Management 

Signature  Date  

 

Name 
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Signature  Date  

 

Name 
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Signature  Date  

Project Manager & Technical Lead: 

Name 
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 RoadTek, May 2017, “Inspection Report – Barron River Inspection BIS ID 7799: Defect Repair options 
Report #1”1 

 RoadTek, May 2017, “Level 2 Inspection”2 

 TMR BCM&AM, Dec 2015, “Level 3 Inspection – Barron River Bridge BIS IS 7799”3 

3. Objectives and scope 

3.1 Objectives 

 Develop a plan to manage the short-term risks identified in the “Life Extension Interim Report” 

 Preparation of a scope of works and budget estimate for the investigation and short-term risk 
management of the bridge. 

3.2 In scope 

 Assess the short-term risks associated with: 

o Fracture of the Macalloy Bars 

o Stability of the rocker bearings 

o Vehicle effects exceeding the residual capacity 

 Develop recommendations for the management of the short-term risks 

 Identify an initial scope and budget for the investigation of the risks   

3.3 Out of scope 

 Conduct of detailed investigations. 

 Development of a Structure Management Plan for the bridge. 

 

                                                      
 
1 A copy of this report is included as Appendix C of “Life Extension Investigation – Interim Report – Barron River Bridge (7799)" 

2 A copy of this report is included as Appendix B of “Life Extension Investigation – Interim Report – Barron River Bridge (7799)” 

3 A copy of this report is included as Appendix A of “Life Extension Investigation – Interim Report – Barron River Bridge (7799)”  
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4. Introduction 

 

Figure 1 Bridge over Barron River at Kuranda:  View of underside of deck looking towards Cairns abutment 
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This report follows the draft Structure Management Plan (29 June 2018) and the 6 September 2018 Skype 
meeting between E&T Structures and the Far North District to discuss the plan where it was agreed that an 
assessment of the short-term risks and scope for the investigations would be prepared.  The following risks 
are considered: 

 Fracture of Macalloy bars 

 Stability of rocker bearings 

 Assessment & Brittle Fracture 

This report summarises: 

 The assessment of the threats and the precautionary and mitigating control measures for the short-
term while further investigation is undertaken.   

 The scope, timing and budget estimates for the proposed investigations of the risks 

It is intended that risk assessments be updated and communicated as the results of the investigations become 
available. 

5. Past performance 

The bridge has supported the applied traffic loads for many years.  The road is classified as a General Access 
route and so has been accessible to GML semitrailers, 19 m B-doubles and truck and dog heavy vehicles for 
many years. 

The Kuranda range provides a natural ‘choke’ to the number of heavy vehicles that access the bridge.  
However, improvements to the road geometry and the increasing capability of trucks means larger vehicles 
(possibly travelling without a permit) may be able to access the bridge. 

There is ongoing deterioration, although the condition of the steelwork and bearings currently appear better 
than a decade ago (2008 Level 2 Inspection).  For example, there is significantly less active rust visible and 
much less debris around the bearings (and plants growing in the debris) in 2018 compared with 2008. 

The Macalloy bars applied to the bottom flange as a retrofit immediately before opening have also performed 
satisfactorily despite their high levels of prestress, brittle nature, corrosion and the ongoing wear caused by the 
bars vibrating against the stiffeners and their restraint brackets. 

While past performance in no guarantee for future performance, it does however provide some confidence for 
the bridge to remain in-service in the short-term while investigations and rehabilitation occurs provided (AS 
13822): 

 The loads on the bridge do not increase 

 The condition of the structure does not deteriorate 

Unfortunately, the condition of the Macalloy bars is continually, albeit gradually, deteriorating due to the 
vibrations between the Macalloy bars and the girders leading to wear and loss of section. 
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6. Assessment of short-term risks 

6.1 Introduction 

The following sections discuss the short-term risks under the following headings: 

 Background 

 Threat-barrier diagrams 

 Loss of control 

 Threats 

 Consequences 

 Precautionary barriers 

 Mitigating barriers 

The threat-barrier diagrams have been used to present the threats, consequences, precautionary barriers and 
mitigating barriers as articulated by Robinson, Francis and Procter (2018) in their book titled “Engineering Due 
Diligence”.  The authors state that threat barrier diagrams, are another representation of the cause-
consequence models.  They can be particularly useful in showing barriers that have effects on multiple threats 
as shown in the generic diagram following. 

 

Threat-barrier diagrams are also referred to as a “bow-tie” and provide a useful discipline and method to 
present the threats, consequences and barriers. 
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Traffic loads will induce additional tension stresses in the bars.  Future investigations should identify the 
magnitude of these live load stresses, but for the purpose of this preliminary review  an increase of 50 MPa 
under service live loads has been estimated. 

In addition, some Macalloy bars are worn on one side (or two sides) leading to reduced cross-sectional area of 
the bar and an eccentricity resulting in local bending stresses.  The notch will also locally increase stresses 
because of the discontinuity and therefore increase the likelihood of fatigue.  Again, further investigation is 
required to quantify the changes in stress. 

Thus, if we assume the bars were jacked to 618 MPa (that is, as per drawings; relaxation and shrinkage 
cancel each other); a 50 MPa increase in stress due to live load and a further 20% increase from the effects of 
wear and stress concentrations, then the local in-service stress would be of the order of 1.2x(618+50) 
=  800 MPa or 80% of the ultimate tension strength. 

The bars are showing signs of corrosion and have done so in the past.  Thus, there is likely to be pitting 
corrosion, which also causes higher local stresses and stress corrosion cracking.  The anchorages provide 
another potential area of corrosion that is difficult to inspect. 

As noted, the stress in the bars will vary during the passage of heavy vehicles and consequently there is the 
potential for fatigue, especially at the notches induced by wear.  Macalloy bars can fail in a brittle manner at 
notches such as fatigue cracks at room temperature as the transition temperature is well above ambient levels 
(Macalloy technical data). 
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 Live load stresses 

 Fatigue 

6.2.2.3 Consequences 

 Local distress:  Large eccentric force released from one side of the thin web of the girder of leaving and 
unbalanced eccentric force applied to the thin web (see anchorage details in Figure 2).   
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(a) Span 2 and Span 5 

(b)  
(c) Span 3 & 4 

 
(c) Material specification 

Figure 2 Anchorage of Macalloy Bars 

 The anchorages for the two bar post-tensioning system are close to flange and stiffeners in Span 1, 2, 
5 & 6 but the anchorages for the 4 bar tensioning system are located in the deep webs and away from 
the flanges (refer Figure 2).  Consequently, without detailed investigation, it is difficult to predict the 
outcomes of a fractured bar.  Advice from suppliers indicates that these bars typically fail in a ductile 
manner but can fail in a brittle manner where a notch / crack has been generated by wear / fatigue.  
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Brittle forces result in a sudden force release resulting in dynamic effects as well as static.  The stretch 
in these bars is also large (of the order of 3 mm / m or 100 mm in the 33 m long bars) and there will be 
a lot of energy released possibly resulting in substantial plastic deformations of web / flange, damage 
to the prestressing bar on the opposite side of the web leading to access restrictions due to loss of 
strengthening and deformation / loss of capacity of girder. 

 Temporary closure of bridge during investigation / assessment of options (such as cars only, single 
lane operation…) / rehabilitation 

 Restricted access 

 Collapse – worst case scenario should distortion compromise load carrying capacity and a heavy load 
crosses the bridge.  The fact that the bridge is redundant (4 girders) and bar anchorages are in regions 
of small moment and high shear reduces this risk. 

6.2.2.4 Precautionary Barriers 

Short-term only: 

 GML vehicles only: Limit access to Regulation GML heavy vehicles (i.e., exclude permit vehicles):  
Reduces live load stresses in bars 

 Refine assessment: Refine assessment by quantifying bar stresses & wear: 

 Residual force e.g., lift off tests 

 Traffic Loads  e.g., strain measurement under traffic 

 Environmental effects e.g., differential temperature, shrinkage 

 Amount of wear in each bar e.g., inspection & measurement 

 Material properties risk of brittle fracture 

 Replace a sample of bars and test bars to inform risk 

 Regular inspections unlikely to spot distress 

 Damp vibrations:  Damp the transverse vibrations (if possible) to reduce the wearing of the 
Macalloy bars as they repeatably vibrate against the stiffeners 

Long-term options include: 

 Replace prestressing bars:  Removes effects of notches and corrosion as well as utilising modern 
materials that are more ductile and less susceptible to corrosion.  Completion before next winter is 
prudent as cooler weather will likely increase stress levels in the bars and increase likelihood of brittle 
fracture. 

 Upgrade prestressing bars:  There may be an opportunity to increase ductility, durability and load 
carrying capacity through adding more bars with less prestress and making them act compositely with 
the girders, for example.  It is noted that the Kings Bridge in Melbourne was also strengthened with 
external prestress, but the prestress was protected and arranged such that the loss of a tendon would 
be unlikely to damage the bridge.  

 Alternate systems. 
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(a) Rocker bearing with top portion of bolt corroded 

away  

(b) Inclined rocker bearing with missing bolt and 

possible wear of hole around the bolt that the 

bearing pivots around 

Figure 4 Barron River Bridge:  Rocker bearing at a suspended span expansion joint. 

  
(a) Fixed bearing at Pier 3 with corroded nuts to 

hold down bolts 

(b) Expansion rocker bearings at Pier 4 

Figure 5 Barron River Bridge:  Pier bearings 

The piers are pinned to the girders via tall bearings with hinges at the top, except for Pier 4 which has an 
expansion bearing (refer Figure 3 and Figure 5). 

There is a total of 20 steel expansion rocker bearings and 16 steel hinged bearings.  Details of the suspended 
span rocker bearings are presented in Figure 6. 
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Figure 6 Expansion joint rocker bearings at suspended spans.  Note:  Bottom radius of rocker (63/4”) rotates 
on a flat surface.  Top radius of rocker (13/8”) rotates in a greased cylindrical grove in the sole plate. 
Grease nipples and PVC seals / washers provided to lubricate movement of rocker relative to the 
sole plate. 

6.3.1.2 International Comparison 

These rocker bearings are uncommon within TMR although they appear to have been common in North 
America in the 1960s.  The USA examples were referred to as pintle rocker bearings with a pin (pintle) 
restraining the shoe from sliding over the masonry plate (refer Figure 4 and Figure 5).  The Kuranda rockers 
are different in that the holding down bolts extend through an extension of the rocker shoe with lock nuts (refer 
Figure 4 and Figure 6). 
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(a) Pintle rocker bearing.  (b) Pintle rocker bearings at Dunn Memorial Bridge, 

Albany NY 

Figure 7 Pintle Rocker bearings (NYSDOT, 2005; Cohen & Wetzk, 2016) 

6.3.1.3 Effective coefficient of friction 

Marzon et al (1983) tested rocker bearing to determine their effective coefficient of friction and noted 
circumstances where the expected 2.5% coefficient of friction was considerably exceeded though rust build-
up, debris on masonry plate or manufacturing errors in the matching cylindrical surfaces between the top of 
the rocker and the sole plate.  Effective coefficients of friction up to 14% were recorded.   

Movement of the rocker bearings requires slip between the matching cylindrical surfaces in the sole plate and 
rocker and hence friction will restrain the movement. The Kuranda bearings include two grease nipples to 
facilitate greasing the sliding interface.  However, fretting corrosion evident in the Kuranda abutment rocker 
bearings indicates that the grease has not been fully effective.  Furthermore, the fretting corrosion may be 
making the sliding surfaces uneven and further increasing the effective coefficient of friction. 

The increasing effective coefficient of friction and the built up of rust and debris around the bearings can also 
lead to ‘ratcheting’, especially when associated with tall / flexible piers, as illustrated in Figure 8. 

 

Figure 8 Ratcheting effect causing critical tilting of rocker bearings (Cohen & Wetzk, 2016) 

The height of these bearings means the bridge could drop by the height of the bearing should its travel be 
exceeded.   

6.3.1.4 Failures 

Failures appear to be uncommon, although the two failures illustrated in Figure 9 and Figure 10 indicate all the 
bearings can collapse together and that spans can fall. 
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(a) 8 rocker bearings at a double expansion joint 

collapsed dropping main span by 625 mm (25 

inches), which was wedged onto the edge of the 

pier.  

(b) Toppled rocker bearings 

Figure 9 Rocker bearing failure at Dunn Memorial Bridge Interchange, Albany NY, 27 July 2005 (NYSDOT, 
2005; Cohen & Wetzk, 2016) 

 

Figure 10 Rocker Bearing Collapse, Sullivan Square, Boston MA, 23 May 1952 (Getty images; Cohen & Wetzk, 
2016) 

6.3.1.5 Discussion 

The steel rocker bearings have been corroding for many years, although they are currently in better condition 
in terms of rust and debris around the bearings than they were a decade ago (refer 2008 Level 2 Inspection 
Report).   
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 Differential temperature deformations 

 Shrinkage and creep of the bridge deck 

 Foundation movements 

 Braking and acceleration forces 

 Earthquakes 

 Construction tolerances 

The movements summarised in Table 2 indicate that the Span 5 expansion joint is likely the most vulnerable 
joint with the AS5100.2 estimated range of longitudinal movements being almost half the available range 
before other effects (to be quantified as part of proposed investigations) and margins are considered. 

Measurements of gaps in the finger plates and the inclination of the bearings (9 May 2017 – 24°C at 9:00 AM) 
indicated: 

 Substantial movement capacity remaining in the finger plate joints.  

 Bearing inclinations consistent with expansion (assumes vertical bearings correspond to the typical 
position) 

 The largest inclinations were measured at the Span 5 expansion joint and the smallest inclinations 
were measured at the abutments and broadly consistent with Table 2. 

 The Span 5 rocker bearing inclinations were consistent with Figure 11 (b). 

Cohen & Wetzk (2016) quote a German designer as suggesting that only the middle third of the shoe be used 
to cover the maximum thermal expansion and contraction and that the outer thirds are safety precautions to 
prevent toppling.  One-third of the Kuranda suspended span shoe corresponds to a travel of 2x71/3 = 47 mm 
or +/- 25 mm say, which corresponds to the approximate position of the bearings observed in photos. 

Concerns have been expressed regarding the collapse of the bearings should the available travel be 
exceeded and the bearing ‘topple-over’ or the rocker slides on the base plate (masonry plate).   
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3. Abnormally heavy vehicles: Larger vehicles induce larger bearing movements 

4. Braking and acceleration: Longitudinal forces applied to the tops of tall piers will cause 
longitudinal movements in bearings 

5. Crowd Loading / Queue of traffic: Crowd loads (e.g., starts of fun runs) and traffic queues from road 
maintenance / accidents could induce larger loading events than usual 

6. Foundation settlements: Foundation settlements will induce longitudinal movements in 
bearings. Unlikely given history 

7. Earthquake: Unlikely 

6.3.2.3 Consequences 

1. Short-term closure:  Local effects only – Load is redistributed to the other bearings at the same joint 
(4 bearings per expansion joint) 

2. Medium-term closure: Suspended spans drop onto halving joints but do not fall or 
severely damage supporting halving joint / cantilever. 

3. Long-term closure / loss of life:  Suspended span falls / partial collapse of bridge 

6.3.2.4 Precautionary Barriers 

Short-term only 

1. Refine assessment: Quantify current condition and position of bearings and likely 
movements. Could include:  Inspection / measurement; theoretical modelling to include longitudinal 
movements due to rotation, in-service movement monitoring 

2. Maintain: Keep bearings clear of corrosion and debris. Grease sliding 
interface between sole plate and rocker. 

3. Restrict access > threshold: Monitor movements and pre-emptively restrict access if movement 
exceeds a threshold.  Options include: visual, inspections, camera on a stick, fixed cameras, remote 
surveillance cameras, movement monitoring, alarms. 

4. GML vehicles only: Limit access to as-of-right heavy vehicles and therefore reduce 
abnormal movements.  Prevent crowd loads on the bridge (crowd loads can be heavier than traffic 
loads).  Avoid queues of traffic across bridge from road maintenance and where possible accidents. 

Longer-term options include bearing upgrades. 

6.3.2.5 Mitigating Barriers 

1. Rapid closure protocols: Be prepared to close the bridge with zero notice. 

2. Bearing restraints: Restrain rocker bearing shoe and masonry plates in locations 
where holding down bolts to the bearings have been compromised.  Restraints could be friction grip 
bolted to steelwork without drilling, cutting or welding. 

3. Catch Stools: Add catch stools to minimise consequences of rocker toppling 
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Semi-trailers, 19 m B-doubles and truck and dogs have accessed this bridge for many years and so provide a 
benchmark for its past satisfactory performance.   

Currently, the bridge is not on the ‘do not cross’ list for 48 t cranes nor in the Conditions Database for 
restriction on excess mass movements and so some permit vehicles could theoretically cross the bridge. 
Restricting access to vehicles that generate less effects than Regulation GML heavy vehicles (as-of-right 
general access vehicles) is helpful in managing the risks associated with vehicles heavier than the typical 
vehicles crossing the bridge. 

The Barron River Bridge at Kuranda provides two-lane two-way access.  The relatively small numbers of 
heavy vehicles on this route and the two-way two-lane access across the bridge indicate that multiple vehicle 
events are infrequent but possible.  This suggests that extreme multiple vehicle events may not have occurred 
in the past but could occur in the future and thus represent an ongoing risk. 
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3. Abnormally heavy vehicles: Larger vehicles induce larger stresses 

4. Multiple heavy vehicles: Combinations of heavy vehicles induce larger stresses in the 
bridge 

5. Crowd Loading / Queues of traffic: Crowd loads (e.g., starts of fun runs) and traffic queues from road 
maintenance / accidents could induce larger loading events than usual 

6.4.1.5 Consequences 

1. Medium-term closure:  Local effects only – Load is redistributed to other members / should the 
materials prove ductile 

2. Long-term closure / potential loss of life:  Partial collapse of bridge, particularly if the materials prove 
to be subject to brittle fracture 

6.4.1.6 Precautionary Barriers 

Short-term only 

1. Refine assessment of materials: Investigate the material properties and the potential for brittle 
fracture of the steel in the girders / Macalloy bars at this location.  Update the assessment. 

2. NDT of girders: Undertake NDT of girders to identify cracking and / or crack 
inducing defects. 

3. Regulation GML vehicles only: Limit access to as-of-right heavy vehicles and therefore reduce 
abnormal loads that may not be consistent with past performance.  Avoid queues of traffic across 
bridge from road maintenance and where possible accidents. 

4. Signs to advertise limits for heavy vehicle access 

5. Prevent crowd loads on the bridge (crowd loads can be heavier than traffic loads).  

6. Compliance Monitoring: Monitoring and compliance activities to help ensure only regulation 
GML vehicles are accessing the bridge.  Monitoring options include: 

 Classifiers to identify non-conforming vehicle configurations 

 Weigh-in-motion with images of heavy vehicles 

 Calibrated BiSP (bridge in-service performance) monitoring of key components to quantify live 
load effects and record images of events inducing large effects 

Longer-term options to be informed by refined assessment. 

6.4.1.7 Mitigating Barriers 

1. Rapid closure protocol: Establish the protocols necessary to close the bridge with zero notice. 
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7. Recommendations  

7.1 Introduction 

The recommendations that follow acknowledge:  

1. The bridge has performed satisfactorily for over 50 years despite the concerns about brittle 
fracture, wearing Macalloy bars and deteriorated bearings. 

2. Comparison with the 2008 Inspection Report indicates that the girders / bearings are likely to be 
better maintained now than a decade ago, although some bolts have been lost through corrosion 
and the residual stubs are likely to be continuing to corrode.   

3. There are no proposed changes to the traffic loading (for example, GML to HML) on the route 

4. There is a commitment to investigate and refine the assessment / risk management plans in the 
short-term. 

7.2 Recommendations 

The recommendations are summarised below.  It is noted that the findings from some of the recommendations 
will inform other recommendations.  For example, the material properties and the in-service response to traffic 
will inform the load carrying capacity.  An indicative program is presented in Section 5 below. 

1. Limit access to likely historic load levels:  

1.1. Regulation GML vehicles to be the upper bound for vehicles accessing this bridge until more 
refined assessment / rehabilitation works are complete.  Access should not be granted for 
Class 1 vehicles which would include all Group 1 and Group 2 SPV’s, platforms and load 
carrying combinations (including Form 11) subject to due diligence that the alternate routes 
are acceptable. Access for GML vehicles, including 50t B-doubles and truck and dogs, as 
well as 24t pick and carry cranes can continue. 

1.2. Implement a Communications Plan to inform interested stakeholders, including the transport 
industry.  Utilise existing VMS signs to advise access restrictions  

1.3. Avoid queues of traffic across the bridge where possible.  For example, position traffic control 
before the bridge in both directions. 

1.4. Exclude crowd loads occurring on the bridge. 

2. Macalloy bar audit:  

2.1. Inspect bars to identify extent and magnitude of wear / damage  

2.2. Seek advice re risks associated with wear 

2.3. Review short-term risk assessment  

3. Remove, replace and test a sample of Macalloy bars exhibiting signs of wear (within 3 months)  

3.1. Develop procedures to safely remove Macalloy bars.  To include consideration of any further 
vehicle restrictions during removal and replacement of bars. 

3.2. Determine the force induced in the bars from heavy vehicle traffic 

3.3. Determine residual forces in a sample of bars 
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3.4. Replace the sample of bars with new bars 

3.5. Test the residual fatigue life and residual capacity of the worn bars 

3.6. Review short-term risk assessment 

4. Bearing movement audit: 

4.1. Collect bearing and expansion joint position with enough detail and recoverable reference 
points to facilitate future measurements and the replacement of the bearings, should this be 
necessary (within 6 weeks). 

4.2. Theoretical modelling of longitudinal movements due to effects such as thermal effects; 
heavy vehicles; braking; and earthquake.  Modelling to include the movements at the piers 
and joints due to the depth of the girders.   

4.3. Identify the scenarios that could cause the bridge bearings to topple and the appropriate 
precautions. 

5. Bearing restraints:  

5.1. Restrain rocker bearing shoes and masonry plates in locations where the holding down bolts 
to the bearings have been compromised.  Restraints could be friction grip bolted to steelwork 
without drilling, cutting or welding. 

5.2. Add catch stools to Span 5 rocker bearings. 

6. Regularly maintain the bearings (routine): Keep bearings clear of corrosion and debris. 
Grease sliding interface between sole plate and rocker.  

7. Investigate risks and longer-term risk management strategies associated with (within 6 months):  

7.1. Macalloy bars  

7.2. Bearing toppling (both fixed and expansion bearings) 

7.3. Girder materials and brittle fracture 

7.4. Load carrying capacity, including sensitivity to operational factors to inform access and risk 
management 

8. Monitor in-service performance:  

8.1. Monitor movements of bearings / expansion joint (Span 5 say) due to traffic and 
environmental effects 

8.2. Monitor response of selected girders and Macalloy bars  

8.3. Collect images of vehicles inducing large events to support compliance and risk 
management. 

8.4. Quantify dynamic load effects and their sensitivity to speed to inform risk management and 
precautionary barriers such as speed restrictions.  

9. Rapid closure protocol: Establish the protocols necessary to close the bridge with zero notice as 
part of the Communications Plan. 
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8. Risk Management & Investigations:  Scope 

8.1 Introduction 

The Barron River Bridge at Kuranda is a large, tall, bespoke steel bridge.  It was designed for a 33t truck 
(H20S16) and is now carrying much larger 50.5t B-double and truck and dog vehicles as well as cranes and 
possibly load platforms transporting indivisible loads.   

The 45.7 m spans are long compared to the average span length of about 12 m being constructed during the 
1960s, making it more susceptible to these longer heavier loads and hence is operating at reduced margins 
compared to Australian Standards.   

The steel in the bridge was apparently not specified with potential brittle fracture in mind and following the 
collapse of the Kings Bridge in Melbourne due to brittle fracture, the girders were retrofitted with stressed 
Macalloy bars.  This retrofit has been gradually compromised through vibration and wear of the bars.   

The bearings are also deteriorating through corrosion and wear.   

Figure 12 provides an overview of the proposed program of investigations and works.  This program, risks and 
scope of works will be updated as new information is received.  Supplementary investigations may be 
recommended depending on the findings of the initial investigations. 

 

Figure 12 Indicative Program 

The investigations are multi-faceted and interdependent.  A more detailed program will be developed should 
the investigations proceed.  

The scope of the different activities is discussed below.  The budget estimate follows the discussion of the 
scope. 
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8.2 Project Management & Governance 

8.2.1 Scope 

 Establish 

 Project Governance Group 

 Program 

 Project Team 

 Risk Register 

 Communication Plan 

 Manage Investigations 

8.3 Action Short-Term Precautionary and Mitigating Barriers 

8.3.1 Introduction 

The scope for the precautionary and mitigating barriers (refer Section 7) that are generic and can be 
implemented without further investigation is presented below. 

8.3.2 Scope 

 Limit access to Regulation GML Vehicles or equivalent. 

 Add signs advising access restrictions. 

 Protocols: 

 Implement protocols to avoid queues of traffic across the bridge where possible. 

 Implement protocols to exclude crowd loads occurring on the bridge. 

 Implement protocols for escalation and rapid closure of the bridge 

 Six monthly Targeted Level 2 Inspections  

 Prepare guidelines for Targeted Level 2 Inspections 

 Regular bearing maintenance 

 Bearing stops & catch stools:  Design, fabricate and install bearing stops and catch stools to: 

 Restrain rocker bearing shoes and masonry plates in locations where the holding down bolts to the 
bearings have been compromised.   

 Catch Span 5 rocker bearings should excessive movements occur. 

8.4 Initial Investigations of Risks 

8.4.1 Brittle Fracture and Materials Properties of Girders 

8.4.1.1 Background 

Refer Section 6.4 and 7.2.  
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8.4.1.2 Introduction 

 Steel supplied to A33 Class D Plate, which is a relatively open standard with very limited chemical 
composition / material property requirements (for example, there is no ductility testing such as Charpy 
V-notch). 

 The tension flanges were post-tensioned as a retrofit, most likely due to concerns about brittle fracture. 

 The material properties are central to the assessment and management of the bridge. 

8.4.1.3 Strategy 

 Seek further historical information on the properties of the steel and the reasons for post-tensioning the 
bottom flanges.  

 Seek advice from VicRoads re the management of the Kings Bridge (failed by brittle fracture and also 
post-tensioned). 

 Collect a small sample of the steel and benchmark properties against modern standards for ductility / 
brittle fracture. 

 Review the outcomes and identify further investigations as appropriate. 

8.4.1.4 Objectives 

 Investigate threat of brittle fracture to inform further targeted investigation and long-term management 
of bridge. 

 Obtain steel material properties to inform load assessment and management of access. 

 Update risk assessment and recommendations. 

8.4.1.5 Scope 

 Search archives (TMR, KBR…) and meet with the engineers involved ( ) to 
identify further information about the steel properties and the reason for the retrofit with the Macalloy 
Bars.  

 Establish and benchmark material properties and ductility (Metallurgical / testing specialists): 

 Collect steel samples from low stress areas (2/100 mm diameter cores from girder webs, 2/120 mm 
long x 20mm wide slices from girder flanges say) and in-situ hardness tests 

 Test samples to establish: 

 Mechanical properties (Hardness, UTS, Yield, elongation, stress strain) 

 Brittle fracture potential 

 Charpy V-notch at operating temperatures at 15C below operating temperature 

 Chemical composition and microstructure  

 Report material properties and ductility / brittle fracture assessment & recommendations 

 Review outcomes and impacts 

 Update Risk Assessment and Recommendations (including further investigations if required to be 
undertaken as part of the Supplementary Investigations – see also Section 8.5) 

NR
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8.4.2 Brittle Fracture of Macalloy Bars  

8.4.2.1 Introduction 

 Risk of brittle fracture of bars due to wear / fatigue without warning. 

 Potential for brittle fracture to damage girder due to eccentric brackets supported by the web.  The 
drawings do not have a jacking sequence and so brackets may have been designed for bar to be 
jacked individually rather than in pairs.  Forces exerted during a brittle failure will be dynamic and 
potentially more damaging than during jacking.  If the brackets and girders can survive a brittle fracture, 
then the risks reduce substantially.  

 60 bars, almost 2,000 m in total length.   

8.4.2.2 Strategy 

 Remove a sample of the bars and subject the worn sections to fatigue tests corresponding to 5 years 
(say) of remaining life and then test to failure. 

 Investigate the ability of the Macalloy bar anchorages to withstand the fracture or a bar. 

8.4.2.3 Objective 

 Improve understanding of the risks & consequences. 

 Investigate the feasibility of delaying the replacement of the bars during the investigation phase. 

 Recommendations  

8.4.2.4 Scope 

 Audit of Macalloy Bar Condition 

 Investigate potential damage due to brittle fracture in one bar (dynamic finite element analysis) 

 Determine residual force in bars 

 Develop safe work method statement for the jacking and replacement of the bars 

 Prepare jacking couplers to match old thread (epoxy mould) 

 Lift-off tests to determine residual force in bars specialist contractor. 

 Determine properties / remaining life of a sample of existing Macalloy bars 

 Remove and replace two bars (by specialist contractor – scaffold under girder on Cairns end of the 
bridge, say). 

 Measure bar wear  

 Estimate fatigue cycles due to traffic using finite element model (Refer Section 8.4.5) 

 Testing of worn bars under fatigue and then to ultimate 

 Report, update risk assessment, recommendations 

8.4.2.5 Alternate Strategy – Replace bars immediately 

 An alternate strategy is to replace the bars immediately. 

 Advantages: 
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o Reduces the risk as soon as possible 

o Reduces the cost associated with the investigation phase (some of the work will have to be 
done as part of the replacement) 

 Disadvantages: 

o Substantial cost now: 

o Like for like bar replacement cost of the order of $300,000 + access.  Previous estimates of 
access for painting were of the order of $750,000 indicating a bar replacement cost in excess of 
$1million.   

o If access is provided, it would be prudent to use the access for a range of activities and so time 
for planning would be helpful. 

o Cost efficiencies associated with multiple uses of access (for example: bearing replacement, 
painting) may be lost. 

o The work may need to be redone / augmented as alterations to the details of the prestressing 
bar installation (for example, removing wear points and improving corrosion resistance) and 
improving robustness in the event of a bar failure or improving assessment ratios may also be 
prudent. 

8.4.3 Bearing Stability 

8.4.3.1 Background 

Refer Section 6.3 Stability of rocker bearings and Section 7.2 Recommendations.  

This section focuses on the gathering field data and refining the assessment for planning longer-term risk 
management.  Other aspects of the bearing stability investigations included in other sections are: 

 Recommendations for implementing short-term measures are included in Section 8.3. 

 Assess thermal and live load movements (included in Section 8.4.4) 

 Identify the scenarios that could cause the bridge bearings to topple and the appropriate precautions 
(included in Section 8.4.4) 

8.4.3.2 Objectives 

 Gathering field data and refining the assessment for planning longer-term risk management 

8.4.3.3 Scope 

 Gather field data and refine assessment: 

 Measure bearing and expansion joint movements – summer and winter (assumed to be part of regular 
bearing maintenance program and costs not included in this project)  

8.4.4 Load Assessment 

8.4.4.1 Background 

Refer Section 6.4 and Section 7.2.  
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8.4.4.2 Objectives 

 Inform long-term risks associated with heavy vehicle access and appropriate access management 
strategies considering: 

 the material properties of the girders and Macalloy bars 

 the ability of the tall piers and tall slender rocker bearings to support modern braking loads and 
environmental loads 

 Provide information for a review of the imposed access restrictions. 

 Identify locations that may be sensitive to fatigue damage. 

 Identify components that may require strengthening to ensure long-term performance for current and 
aspirational traffic loads.  

8.4.4.3 Strategy 

 Procure an advanced assessment from engineers with expertise in the assessment of steel girders with 
stiffened webs, brittle fracture and fatigue. 

 Assess for as-of-right and permit vehicles (see scope) 

 Assess the piers and pier fixed bearings for longitudinal effects (braking, temperature, shrinkage…) 

8.4.4.4 Scope 

 Procure assessment.  Assessment brief to include: 

 Heavy Vehicle loads:  Truck and Dog; Crane; LPT10; HLP3208 

 Components to be assessed for vertical loads 

 Deck slab (6.5 inch thick) 

 Girders considering the measured material steel properties; web buckling; flange bends without 
stiffeners; unbonded stressed Macalloy Bars… 

 Halving joints 

 Bearings 

 Pier headstocks 

 Identify fatigue sensitive locations including locations with  

o Low fatigue detail classifications 

o Distortion induced fatigue,  

o Constraint Induced Fracture (CIF) 

 Components to be assessed for vertical loads and longitudinal loads (braking and environmental 
effects) 

 Fixed piers 

 Fixed bearings at piers 

                                                      
 
8 Details of the assessment vehicles to be agreed with Structural Assessment prior to commencement of the assessment. 
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 Rocker bearings 

 Components to be assessed for longitudinal movements 

 Movements due to traffic and environmental effects 

 Identification of the loading scenarios required to topple bearings 

 Report 

 Review assessment 

 Review implications for access restrictions, general access and possible  

 Update Risk Assessment and Recommendations (including further investigations if required to be 
undertaken as part of Supplementary Investigations – refer Section 8.5) 

8.4.5 Structural Behaviour 

8.4.5.1 Introduction 

 This bridge is unique and incorporates many details that are not standard.  A quality structural analysis 
model is essential for the technical management of this project.  

8.4.5.2 Objectives 

 Provide an independent structural analysis model to: 

 inform / validate risks (Macalloy bars, bearing movements, assessment, brittle fracture);  

 support / validate the investigations (for example, the independent review of the assessment, stresses 
in prestressing bars due to live load); 

 inform assessment of permit applications; and 

 the design / validation of temporary works for likely bearing replacements.  

8.4.5.3 Scope 

 Develop FE Model of Bridge 

 FE Model (shell) - deck slab, girders, halving joints, bearing linkages, piers 

 Loading:  Self-weight, Ext P/S, Temperature (average and differential), shrinkage 

 Loading: Truck and dog; Crane; LPT109 

 Validate & Document 

 Investigate: 

o Movements at bearings: Displacement and rotation, SLS and ULS (elastic) 

o Stress in prestressing bars due to traffic 

o Stress hot spots - halving joints, hog regions, anchorages, sag regions 

                                                      
 
9 Details of the assessment vehicles to be agreed with Structural Assessment prior to commencement of the investigation. 
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8.4.6 In-service Performance: 

8.4.6.1 Background 

 Refer Section 6.4 and Section 7.2 

8.4.6.2 Objectives 

 Know the loads and the effects they induce in the girders (strain) and bearings (movement) 

 Inform assessment: 

 Independent validation of modelled behaviour 

 Natural frequencies 

 Fatigue spectra 

 Improve credibility of the assessment and access management of the bridge (experience indicates 
freight vehicles may induce less damage than expected but vehicles carrying indivisible loads may 
generate effects larger than considered acceptable) 

 Inform risk management: 

 Bridge specific live load models incorporating actual heavy vehicles, drive lines, load levels and 
dynamic effects 

 Identification and management of vehicles exceeding acceptable bridge response thresholds  

 Quantify the movement of the bearings and ‘stick-slip’ actions associated with bearing operations. 

8.4.6.3 Strategy 

 Use instrumentation to monitor the response of the bridge and to trigger a camera to retrieve images of 
the heavy vehicles inducing large effects. 

8.4.6.4 Scope 

 Monitor movements of bearings / expansion joint (Span 5 say) due to traffic and environmental effects 

 Monitor response of selected girders and Macalloy bars  

 Collect images of vehicles inducing large events to support compliance and risk management. 

 Calibrate the response with known vehicles 

 Report  

8.4.7 Update Risk Assessment 

8.4.7.1 Scope 

 Progressively update risk assessment with new information. 

8.4.8 Rehabilitation Plan & Budget 

8.4.8.1 Scope 

 May flag items of importance that are critical for urgent action. 

 Provide a clear statement of the scope and estimate of costs where the scope is clear 
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 Identify projects where there are potential efficiencies for doing them together 

 Provide information to support funding applications. 

8.5 Supplementary Investigations of Risks 

Supplementary investigation of risks will depend on the outcomes of the Initial Investigations of Risks and 
approval of their scope.  If recommended these investigations will not proceed unless agreed. 

A brief discussion of follows: 

Brittle Fracture and Material Properties: The initial investigation will inform the problem and likely lead to 
further investigation.  If the test results are consistent with a low risk of brittle fracture, then the testing may 
need to be extended to include a larger sample of the steel supplied through a combination of NDT and further 
sample collection.  If the samples indicate a concern about brittle fracture, then more extensive investigations 
may be required.  As well as more extensive material sampling and testing, this could include ultrasonic or 
ACFM testing of the welds to identify cracks or defects that may induce cracks that are a precursor to brittle 
fracture.   

Brittle Fracture of Macalloy Bars: It is possible that the initial investigation conclude that the risks are 
unacceptable and need to be managed in the short term. 

Load Assessment: Further targeted assessment of specific issues may be appropriate. 

In-service Performance Monitoring: Extension / retargeting of instrumentation may be necessary. 

8.6 Budget Estimate 

A budget estimate of costs for the Initial Investigation of Risks is summarised in Table 4.  These costs are a 
guesstimate based on estimates of time, rates and discussion with industry. 

Budget estimates for the supplementary investigations are not included as the scope is not yet defined. 
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10. Future Actions 

10.1 Planning and Design 

Not part of this report 

Rehabilitation items may include: 

 Girders & Macalloy Bars 

 Bearings 

 Headstocks 

 Expansion Joints 

 Guardrail 

 Paint 

Access will be an important consideration. 

10.2 Rehabilitation 

Not part of this report. 
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