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1. Executive Summary

This report addressed the completeness of the EIS and associated documentation submitted

justifying the demolition of the existing Windsor Bridge based substantially on its current condition.

wSt S@OIFryiG W{dzoYAaarzyaQ R20dzySyidldAz2y 61 a NBOASGHS
Bridge. Gaps in documentation were identified and furtiméoimation sought to close those gaps.

This was obtained through requests for information from RMS through the DP&I for information

along with meetings to clarify the requirements as well as to receive submissions from RMS. External
sources were also consed for information. Once all documentation was received it was analysed

to assesshe justification for the demolition.

Windsor Bridge has several important heritage engineering features which demonstrate the
innovative culture in our engineering profdendating back to 1875These features are well stated

in the documentation and shoultherefore serious consideration should be given their preservation
in some form or another.

Whilethe bridge is deterioratingrdm various ailment# is not about tocollapse irthe short term.
Each ailment can be treated and this has been plainly demonstrated by RMS and lbikers.
acknowledged that it would be uneconomic and unrealistic to expect the existing bridge to satisfy
current standards and codes as wellpasvide the desired level of service, especially as it was built
in 1875 and upgraded in 1922 for far lessor loading. Strengthening by the RMS method would
destroy most of the heritage value in the bridge.

The bridge can be refurbished at a cost such thean function for the next 50 years with little
ongoing maintenancd-dowever this refurbishment would not permit the level of service required by
RMS into the futurdience the need for a new bridge. Refurbishmeroiuld permit alternative uses

for the exsting bridgesuch as either a pedestrian bridge or a load limited bridge (16 tofimgs.

reports shows that it would not be an exorbitant cost (approx. $12.5m) to bring the bridge up to an
WEa ySQ O2YyRAGAZY F2NI Ly EGSNYFGADS dzaSo

It appears the optimunoption is some combination between the RMS dinel Pearson Wedgewood
optionswhich will be able to provide a viable option to refurbish and strengthen to carry T44 loading
with a load factor of 2 which will be sustainable for the next 25 to 50 yearsnainouild a new

bridge at this stage. Then at some time in the future a bypligamentcan beidentified, approved
andbuilt which avoids all the dange to property, heritage values etc. So with a relativebdest
expenditure(approx $14.5m)he bridgecan be serviceable for the next 50 yewiithin which time

an alternative route will have beddentified andagreed

It is clear however that the documentation does not show a strong resolve to preserexigiag
bridge for an alternative useyith acontinuing theme throughout the documentation thetwill
replaced by a new bridge. This was clear when a decision was main within the th@mR/TRMS)
to replace the bridgsometime before 2003Subsequent to this decision no expenditure on
maintenanceor repair of damaged fabris evident except where public safetyight be
endangered. Despite thigeglect it is remarkable thato great deterioration has taken place in the
last 10 years.
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There is no evidence that the management approach to bridgeter@mce and repair changed as a
result of either being listed on the RMS Section 170 Register or being classified as State Significant.

Assuming the new bridge proceeds subject to all the approvals it would be appropriate to determine
alternative uses fothe existing bridge. This would not only provide the community with an ongoing
asset but also preserve the important heritage embodied in the bridge. Consultation with the
community specifically on alternative uses may uncover an important contributitmettocal social
fabric and this should be explored.

In conclusion it would not be viable to upgrade the existing bridge to meet the level of service
required for the future However he bridge fabric should be refurbished with a view to undertaking
work to satisfyalternative uses for the bridg®r the next 50 years

2. Document Status

Revision Pupose Date delivered Reviewed by

- Internal draft issued to client for review 18 April 2013 Andrew Beattie
22 May 13 | Preliminary Draft issued to client 30 May 2a3 Andrew Beattie
26 July 13 | Final Draft issue to Client 26 July 2013 Andrew Beattie
14 Aug 2013| Final Draft 14 August 2013

15 August | Final Review 16 August 2013

3. The Project

The Department of Planning and Infrastructure (DP&I) is considering a apglication for the
Replacement of the existing Windsor Bridge. Roads and Maritime Services (RMS) acting as the
proponent has prepared an Environmental Impact Statement for the Prfigd¢t The DP&are
currently reviewing submissioriB2]from the publc and stakeholders received as a result of the
public exhibition of the project.

Note: Throughout this report the [ref] refers to the source document by Appendix and Number.

Peter Stewart Consulting has been engaged by DP&I to review the structurali@oretigineering
& otherimpacts in regard to the proposed demolition of the existing Windsor Bridge.

4. Scope of Brief for PSC [C]
PSC has been engaged by NSW Planning to review the EIS and other submissions to:

1 Review the appropriate documentation provideg the Department with regard to relevant
engineering guidelines, industry standards and legislation.
1 Meet with Department representatives, proponent's/council/agency experts as necessary.
Undertake a site visit
1 Provide the Department written advice on the
o0 adequacy of the documentation, and if necessary, identifying gaps in the
documentation;

=
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o adequacy and/or suitability of the proposed mitigation and/or management and/or
protection measures if required;
o0 assessment of the significance of the engineeringaictpand
0 suggested remedial actions for the engineering issues identified
1 Conduct peer reviews of other service providers work if required

After meeting with the Departmertn the 3% April 2013to confirm the brief the scope was further
clarified to addrass the following:

Verify the justifications for demolition of the existing Windsor bridge are valid
Ascertain whether the conclusions can be supported

Assess what options are available

Assess what heritage items are worth preserving

PwnNPE

5. Review Methodology
Themethodology for this review is as follows:

Meet with the Department and confirm the Scope of Works
Review thedocumentation provided by the Department.
Identify the key issues.
Undertake a gap analysis of the documents and raise questions for the praponen
Meet with Department representatives, proponent's/council/agency experts as necessary.
Undertake a site visit
Review and analyse responses from the department & proponent
Address the initial issues and any new issues raised as a result of the process
Advisethe Department on the:
o adequacy and/or suitability of the proposed mitigation and/or management and/or
protection measures if required;
0 assessment of the significance of the engineering impact; and
0 suggested remedial actions for the engineering issdestified
9 Provide a report to the DP&I

= =4 =4 =4 -4 4 -8 -4

6. EIS [B1]

The following extracts from the EIS are relevant to this repartd thered font sections are
addressed specifically

oThe Project

Roads and Maritime Services NSW (RMS) is proposing to replace the bxdgagver the
Hawkesbury River at Windsor. The proposal for bridge replacement inthedediowing key
features(amongst others)

1 Removal and backfilling of the existing bridge approach roads.

1 Demolition and removal of the existing road bridge, knasWindsoBridgeX €

Independent Engineer Report (Final Review 160813) 6

Peter Stewart Consulting Pty Ltd  P.O.Box 163, Pymble, NSW 2073 (02)98809552



\
Report on Structural Condition PETER STEWART

. . . CONSULTING P/L
of the existing Windsor Bridge
Why is it(the project)needed?

THE EIS (page xii) states

GThere are a number of reasons why the project is needed. Criticallyrubh®iral piers and

other parts of the existing Winds8ridgeare over 130 years old and are sidgtally

deteriorated due to age and heavy use. The bridge requires extensive rehabilitation work if it is to
be used and maintained into the future.

Speed restrictions are currently imposed due to the structural weakness of the bridge
and it is inspectedegularly to ensure public safety. A load limit may also need to be
applied in the short term and ultimately closure of the bridge is expected in the longer
term when ongoing maintenance can no longer provide a structurally adequate
bridge.

The remainingafe life of the bridge cannot be accurately predicted due to
deterioration, heavy use and risk of floodihgwever RMS could need to close it
anytime without notice to protect public safety if regular inspections identify
considerable further structurateakness.

In addition to deteriorating with age, the existing bridge does not meet current
SYaAySSNAy3I FyR NRIFIR al FfSdeé adlyRINR&aDE

EIS Sectiort.1 The proposed project

o0Roads and Maritime Services NSW (RMS) is seeking approval under Part 5.1 of the
Envionmental Planning and Assessment Act 1E&P&A Act) to replace the

existing bridge over the Hawkesbury River at Windsor (known as Windsor bridge).
The existing bridge needs to be replaced as its structural integrity is deteriorating with
age and it is ndonger costeffective to maintain.

EIS Section 1.2 Project Location & context

Parts of the existing bridge are 138 years old anddateriorating as a result of age
and heavy useElements of the bridge have deteriorated substantiallyRRE has
assesseé that it is not practical to replace or repair these elemefitse existing

bridge and adjacent intersections no longer meet the demands of current peak hour
traffic volumes or current road standardshe level of maintenance required to
maintain adequateoad safety is no longer cost effective and it is therefore regarded
that the bridge has reached the end of its economiclife

EIS Section 3:

Godudm / 2yRAGAZ2Y 2F SEA&lGAYy3I ONARIS
Parts of the existing Windsor bridge are over 130 years old and are dateripdue

to age and heavy use. The bridge is regularly inspected to identify maintenance
requirements and ensure safety for usejealing ongoing and escalating

maintenance issue3.echnical inspection reports about the condition of the existing
bridge ae provided imppendix Cinspections have shown that while the bridge is
suitable for current vehicle and pedestrian use:

1 Sections of the bridge below the water line are heavily corroded and substaafilitisation of
the cast irorhas occurred on soapiers. This has resultedvariable pier wall thickness but in
places the piers have corroded so much that
the wall thickness is very low (less than five millimetres). The average wall
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thickness from the underwater cores taken to date is about 15 ratlien (CTI,
2011). The original wall thickness was estimated to be about 30 millimetres.
9 Horizontalcrackingis present in the pier columns, including both columns dfifthepier from
the southern bank. There is also a short vertical crack on the
upstream column of the fifth pier from the southern bank, and there are vertical
cracks in the brackets securing the upper end of the diagonal bracing to most
piers. Such cracks would be expected to have a serious impact on the overall
serviceability of the brge (CDS, May 2011).
9 There has been a 16 per cent deterioration in the stiffness of at least onelwfdhe spans
since 2003. The stiffness of a span determines the load it is able to
support¢ and with deteriorating stiffnessload limits on the bridgenay need to
be implemented (Access: UTS, 2007).
1 Bracing between the older cast iron column sections on three piers are
undergoing considerable corrosion at the waliae and may require
replacement or repair.
1 Thebridge declhas a number of issues incing:
- Extensivespalling leaching, wide cracks and exposed and corroded steel
reinforcement at the ends of the deck slab.
- External beamsg have severe spalling am@rbonationof concrete, suspeguality of
concrete, exposed and corroded steel reicdonent and loss of 58er cent of beams
seating area at the headstocks.
- Internal beamg; have minor spalling and carbonation of concrete, suspect
guality of concrete, and loss of 20 per cent of beams seating area at the
headstocks.
- Deck jointg; are od and do not allow expansion, have no compression sedlshe
sealed surfaces at the joints are cracked and bulged.
- Headstocks have severepalling and carbonatioof concrete, suspect
guality of concrete and cracking.
Overall thecondition of the eisting bridge is rated as poand, while the bridge is
suitable for current use, would need extensive rehabilitation works if it was to be used
and maintained into the future (RTA, 2003 and 2005). Subsequent inspections
(including underwater inspectionis) 2012 that followed the March 2012 floods have
not identified any further significant deterioration of the structuiéso if a new bridge
was to be constructed downstream of the existing bridge, retaining the existing bridge
would not be possible due tbe risks of its failure during a flood evebebris from
the failed bridge may cause physical damage to the piers of a new downstream
bridge or may become caught in the new bridge, damming floodwaters and putting
unacceptable stresses onthe structuleo i KS ySég oONARISdE

EIS Section: 11.1 Justification
11.1.1 Project justification
G2 AYyRa2NJ ONARIS LINRPGARSAE |y AYLRNIIYyd tAy] F2N
Hawkesbury River in the Windsor locality, as well as an important regional link
between westernyginey, the Blue Mountains and the Hunter region. Around 19,000
vehicles use the bridge each day, with around seven per cent of these being heavy
vehicles. The nearest alternative bridge crossing of the Hawkesbury is located
around 10 kilometres away at Rimond, requiring a road detour of around 20
kilometres to drive between the southern and northern sides of the river at Windsor.
There are a number of reasons why a replacement river crossing at Windsor is
required including:

Independent Engineer Report (Final Review 160813) 8
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Deterioration in the conditioof the existing bridge Elements of the existing

bridge are over 130 years old and substantially deteriorated.

1
safety standards.

1
T

bridge and intersection ¢

The existing bridge has a lower flood immunityrtitee surrounding roads.
The poor current and future traffic performance and capacity of the existing

The existing bridge and approach roads do not meet current engineering and

In reference to thgustification for demolition of the bridgéhe above statements from the EIS
in red are dealt with in thigeport. The following nomenclature is adopted:

I

1

-3l

Peter Stewart Consulting Pty Ltd

P.O.Box 163, Pymble, NSW 2073 (02)98809552
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7. Documentation
The documentation reviewed for the purposes of this report are itemised in App&ndix
8. Communications

Communications such asamtings have been held with the Department and Ril8ktain/clarify
information contained in the documents.

Date Location Type of Purpose Comment
communication

39April | DP&I Meeting Intro & Briefing Elaborated on the scope of work

18" April | RMS N Meeting RMS presentation | Background inforration on bridge
Sydney Q&A condition, options & costings

10" May | RMS N Meeting RMS Responses t{ Discussion on rehabilitation & costs
Sydney DP&Ilquestions future maintenance costs

12" July | DP&I Meeting Status update New queries raised/exchanged infg

9. Site Visi t

The writer conducted a site inspection tre 23° April 2013. Photo recoris includedn AppendixE
10. Advice on Documentation

1 Adequacy of the documentation, and if necessary, identifying gaps in the
documentation;

1 Adequacy and/or suitability of the pr@sed mitigation and/or management and/or
protection measures if required;

1 Assessment of the significance of the engineering impact; and

1 Suggested remedial actions for the engineering issues identified

The following sections address the adequacy or othesvaif the documentatiofRefer Appendix B
the adequacy or suitability of the proposed measures; the engineering significance and remedial
actions proposed.

11. Key Issues

Sections 12,13,14,15 &16 address the key issues associated with the condition abtimg dxidge.

12. Condition of Bridge
GXGKS &0NXzOG dzNIF £ LA SNA | Yy BridgeardkoS8eN130Jedidiol 2 F G K
and are substantially deteriorated due to age and heavy use. The bridge requires extensive
rehabilitation work ifitistobe &R YR YI Ay idlIAySR Ayid2z G4KS ¥Fdzid
It is acknowledged that all things deteriorate with age and bridges are no exception,
however they can still perform the function for which they were initially intended if they are
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appropriately maintained. The deteridran is primarily due to neglect of the bridge over
many decadesbut most noticeably in the lasivo decades. Also, whilst it is acknowledged
OKIFG GKSNB Aa WKSIF@e dzasSQ 2F GKS ONARISET (KA
deterioration havirg considered all the investigations and repoHeavy usemay mean
overloaded vehiclebut RMS indicated in their response to questjfpi3] a2 K& | NB Af f S3
f2FRa 60SAy3 tft26SR | ONRP&aa (KS (iKHhgalidagsd o NA R:
arenot allowed on the bridge. A decision was made in 2003 to continue with General Access
vehicles (ST42.5) and Restricted Access Vehicles (BD62.5) and in 2011 to allow Higher Mass
Limits (ST45.5 and BD6&R}bject to a range of measures including:

1 A detdled inspection and monitoring regime

I Measures to ensure over mass and oversized vehicles do not cross the

ONRARISE

This is confirmed in 2008 by RMS in their Bridge Assessment & EvaRafiort
conclusiongB4V1.8].This reportalsocontemplates the bridg will be replaced in 2010.

Based on this response we can only conclude that heavy use does not mean overloaded
vehicles but rather increased traffic. However this alone is not the cause of bridge
deterioration as no reporor documentindicates this as eause.

9 Current state of the bridge

fOverall the condition of the existing bridge is rated as poord . Whilst the bridge suffers
from many ailmentgach impacting on the integrity of the bridge, the bridge is safe for
current useln 2010 Inspection and isictural Assessment by UTEsN2.17 stated thatd L F
RMS intends to decommission bridge in the near future, bridge in its present condition and
f2FRAY3 gAft 06S alFFS F2NJ a2yS GAYSadé
In February 2013 the RMS rep@B4Vv2.14on the performance of the bridgeecommended
GOGKS KAIKSNI YIaad fAYAGL o6la[0 &AE FEfS | NIAOd
and HML nine axle truck with maximum GVM of 68t (BD68) be allowed to cross the bridge
subject to the following conditions:

A Regularly monitor the graphgation of pier columns

A Regularly monitor the bridge deck where spans are in poor condition

A Remove any spalled concrete which could be a danger to ublic

There are many reportsnvestigations assessments and estimategyardingthe condition of the
bridge particularly over the last 10 yea{B4v1 and VP

A Gaps in documentation:

The conclusion that the whole bridge is in a poor condition is not supported by the level 2 Inspection
ReportRatings B8] There is no linkage provided between the conditiothefvarious elements and

the overall condition. If it is assumed that the condition of the bridge is equivalent to the worst
element then again the argument is thin as only 2.1% of the reinforced concrete beams is
OFrGS3I2NRAASR Fa O2yRAGAZ2Y n 2NJ WLR22NRO

Thereports address severatain issues impacting the condition of the bridgkichare:

Independent Engineer Report (Final Review 160813) 11
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9 Carbonisation

BasicsCarbonisation is a reaction of carbon dioxide with concrete which commences at the
concrete surface and progressively reduces the alkalinity oftimerete.As the carbonisation
advances through the concrete it reaches the reinforcement and the reinforcement protection
against corrosion is destroyed. As the reinforcement corrodes it expands and the coamental it
then crackd y R Wai flalk dwhya Q

This is most noticeable on the beam soffits
particularly on the exterior or most exposed :
beams The rate of carbonisation is very slow an¢.
is estimated at 1mm/year although this is ;
dependent on many factors.

Extent: The extent okpalled, crackd or
delaminated concretdas beerestimatedby GHD
in 2003[B4V1.9 at 250m2[B4V1.2Appendix E pg'
8] of surface ared~10%of deckunder-surface
ared). Note GHD advised that damagekslly to |
increase with time as the carbonation front advancHse mate of increase will depend on several
factors but will be influenced by theeglectof bridgemaintenance actions, which is the current
situation.RMS should undertake a new survey comparable to the GHD survey in 2003 to gauge the
deterioration over thdast10 years.

The scuppers aresgnificant causef concrete
deterioration as the beam and slab concrete
adjacent to the scuppers repeatedly becomes wet
and then dry

RecommendationsGHD Oc2003recommended
Realkalisation(A process used to arrest
carbonisation)as it is deemed the most technically
appropriate repair and the most cost effective repa
option over the future service life of 25 years. RMS
Inspection& Assessment Report Dec 20@3V1.3 AR 3 24
statedd ¢ KS & G NUzOG dzNB I 3 & 8 ZaBdfiB K52 NBD 2ANW SYRF NUAQGFY R T (
G2 NBLX I OS (KS babdthl 6hdhd extersivekrdpsirs ijentdic® in BhA idspection &

durability reports.

GHDalsoprovided an estimate of cost to +@kalise the total exposed area of 2360mRBigh

included the soffit and sides of the beams & headstocks (but not the abutments) of $2.75m in Dec
2009[B4V2.9. ThisGHDreport recommended as followst walkalisation is recommended as the

Y230 G§SOKYAOFf & | LILINE LINR Ifféctie rydait dvek aNilituyeSSénkce IReX © d | Y F
of 25 years.
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The Technical Review of the Alternative RefurbishniB8iO 2 NINB O (i f & Redlialis&ioh (0 KI & &
would be expected to provide a long term solution greater than 50 years that would not require
reapplcation of the realkalisation provided the antiarbonation coating was properly maintained

(i.e. reapplication of the antiarbonation coatingevery @ H & S| NRA 0 £

RMS cited Wardell Road Bridge Rehabilitation Pr¢jg}as a local example of akalisaion of the
bridge. On further enquiry with Marrickville Council this bridigeilt in 1924had 314m2 realkalised
12 years ago and no additional maintenance has been required thiateatment. The structure
wasalsotreated with an anticarbonating cating. This is not a standard coating as it takes into
account the elevated alkalinity of the concredéter treatment.

Before ' ' 4 o After

The process had no adverse impact on the appearance of the l{gdge for heritageand orly a
few sporadic half road closureBesign was by GH[RB11]

Actionsto date:

Removal and repairs of spalls has been going on for some 10 years lyuRME Yvhere they

pose a safety risk to theublic. RMS advised on"161ay in response to the quéen [D6]What, if

any, interventions to the bridge have taken place to reinstate the fabric of the bridge in the last 10
8SFENBK b20SY y20 YIFAYyGaSyl yi52 oaulS NBSTFAIDNDMEAKIMNY Sy (]
place to reinstate the fabric ohé bridge, although activities such as removal of spalling continue as

LI NI 2F OoNRAR3IAS YIAYyuSyl yoSt

No re-alkalisation has been undertaken desp@&iD recommendations in 280
Is it still a condition that would warrant demolition of the bridge?

If left untreated this condition would in itself warrant the demolition of the bridijeappears the
RMShasleft it untreated as a result of the recommendationDecember 2008 replace the bridge

in 5 yearslt is noted that the replacement bridge may not be ogi@onalfor ~10 yearsplusandnot

the 5 yearsstatedin the recommendation. This raises questions about the approach to maintaining
the fabric of the bridge.

A Gaps in documentation:

RMS provided a Concrete Damage Magi€arbonation in their presentatioof 18" April 2013. This
indicated corrosion initiation in 1975 and the rate of damage accelerating rapidly from 2003

Independent Engineer Report (Final Review 160813) 13

Peter Stewart Consulting Pty Ltd  P.O.Box 163, Pymble, NSW 2073 (02)98809552



\

Report on Structural Condition PETER STEWART
. . . CONSULTING P/L
of the existing Windsor Bridge
onwards. On enquiry this chartis based®omMNJ t KA f . I YF2NIK Sy dAidity SR W vy

Design Using Risky | f 8X0]ASaeChartbelow
Areas near scuppers

General state

/—‘ Areas less exposed to moisture

< 4. Loss of structural integrity

Damage Leve]

_-3.12.0% surface area damaged

o~ w0 MW o O Time

o ~ S0 O v

o o SO 6 o

- - N N

- - — " - -
Corrosion Initiation ' Damage Propagation

{Carbonation reaches Rebar)

The date of corrosion initiation is netbstantiatedoy RMS and the curves seem somewhat arbitrary
without any backup calculationBor 2009, the chart seems to indicate a more extreme acceleration
of deterioration (12%) than that observedtime inspection of 2009 (2.14see Section 14 on
Maintenance below).

9 Graphitisation

BasicsGraphitisation is form of deterioration of cast iron (as used in the piers) in which the metallic
components are converted to corrosion products leaving the gtaphtact which has no structural
strength.

Extent: RMS first identified this in
2005 (CTUnderwater
Graphitisation SurvejB4v1.9)
[D18] CTI assessed the above
water condition of the piers to be
excellent.CTI identified
graphitisation in pierd, 5,7 and 9.
Howeverd 0 KSNB g4I &
pattern to the distribution of the
NEAARdzZ f gETE 0
subsequent survey (July 2011

[B4V2.15]ndicated thatd i K S e
O2yRAGAZY 2F (GKS Ozl asvyda ANBDWSH 1 a
that graphitisation has advanced to significant projens. Indications are that in places there are

Y2NB GKIFY HaYY 27F 3 NI THK kavds anSaeradelstiu&udh thidknedsINS 4 Sy G ¢
15mmwhich is roughly 50% of the original thickness. So graphitisation has corroded the caissons at

a rate ofapprox.15mm in 138 years or 0.11mm/yedris evident that his is a very slow process.

L R R R Y

(414
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RecommendationsFrom CTI1 2005 repoét { K2 dzf R G KS oOoNAR3IS adAtt o6S ain
graphitisation of immersed surfaces can be prevented by installipgesred current cathodic

protection to the columns, designed in accordance with AS 28&23er recommendations centre

on monitoring the situation particularly after flooding.

Actions to date:
No action has been taken to rectify this condition.
Is it sill a condition that would warrant demolition of the bridge?

Due to the very slow rate of deterioration it would not warrant demolition of the bridge for some
considerabldime. It is also evidenthat the process can be arrestedmnevented either by inslling
an impressed current or jacketing the damaged sectiblmsvever if left untreated graphitisation
could become an issue for the structural integrity of the bridge piers.

A Gaps in documentation:

The underwater inspections have ndearly statedvhether all piers are subject to graphitisation.
RMS makes the assumption in their presentation of th® April that all piers are affecte@ther
piers may be affectetiut the extent will vary from pier to pier. The most affected piers seem to
have been idatified. Treatment may only be needed on the severely affected piers in the light of
the fact that this is a very slow proceasd the refurbishment should only consider extending the
life by 50 years

9 Pier caisson cracks

BasicsSevere cracking may haveerious impact on the overall serviceabibiyd integrityof the
bridgedepending on where the cracks occur and their rate of growth.

Extent: Pier caisson cracksertical &
horizontal)observed in Pier 5 and to a
lesser extent in Pier &re documentedn
the CDS Underwater Inspection Report 0
June2011[B4v2.19. Horizontal cracks
are present irthesethree columns
including both columns of pier RMS first
identified thesecracks in 2011 through
the CDS inspectidib9]. Underwater
inspectiondaterin 2011 concluded there
was no evidence that the cracks have O SRR e
widened or shifted sincprevious survey | . . ko ﬁ .:;L ~
2 months beforeThe report wentonto = - T

sayd LG I LIISFNR GKS ONIXOla FNB yv2i yS$s YR KF@S 68
decades and possibl f 2.yrE$dude of the cracks is unknown.
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RecommendationsA detailed structural analysis to determine the impact of the cracking on the
0 NA R 3 S Q &rhatundeliwadek inspedtiois undertaken after every major flood event.

Action to date

RMsShasadvised of aly one underwater inspection kingbeen undertaken to date... after the
2012 flood [D8]

No action has been taken to rectify this condition although performance load tests have been
carried out b verify the structure is safe. (Enduranaan@ulting October 201834v2.14

Is it still a condition that would warrant demolition of the bridge?

The cracks have been there for decades and during that time the bridge has been subjected to
severe floodindovertopped approximately 64 times in 100 ygkas well as increases in traffic
volumes. The bridge has not exhibited any signs that it is about td Fetondition of the piers is
not a reasoraloneto demolish theexistingbridge due to the rehabilitation methods available to
retain the strucure.

NBThis should be read in conjunction with the deck josgstion belowfor if the bridgestructureis
changed in the way it distributes the forces then it may wetidreestructurally unsafe. This is
because currently the loads in the piers arevarily compression loaddue to the locked up nature
of the joints The longitudinaforces caused by braking or thermal movements are transferred
through the locked up jointprimarilyto the ends of the structure where the abutments resist the
forces.If the deckjoints are opened ugs part of a repair procesken the piers will have to resist
greaterhorizontalforces which they may not be able to do due to graphitisation and cracking
(certainly pier 5 iseverely weakeneds it cracked completely anod its circumferenceReference
RMS diagrarslide 20from their presentation of the 18 April. [B5]

A Gaps in documentation:

There is no indication of cracks in other piers as the underwater inspections have been
commissioned to assess graphitisationyoriBy chancén doing this they havdiscovered these
cracks. Other piers may be cracked but this is unknown at this time.

9 Deck Joints

BasicsDeck joints are there to ensure the correct articulation of the bridge transfer longitudinal
braking and themal loads to ground via the piers and abutments.

Windsor Bridge The connection between the precast deck units and the pier headstocks is by way
of dowelled connectionsThe 48mm dowels occur at each end of each girder of the deck Nluits.
detail of thedowel connection between the precast panels and the headstock has been sidghigd.
also noted that no bearings or bearing pads have been inserted between the precast units and the
pier headstocks thus resisting any movements at the joints.

It would behelpful to havehe RMSdetail of the dowel joints.
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From the diagonal cracking at the beam ends it appears the dowels are lock€dagis have been
created by the restraint imposed by the dowels which has resisted the naturally occurring thermal
movemerts associated with expansion & contraction.

Extent Deck joints are in poor condition which can be clearly seen from photograpirscally it
maybe unwise to repair them to their original design as it would change the load transfer of forces
(as mentimed above)

| dZNNByidfte a GKS 22Ayida IINB Wi201SR dzLJQ GKS TF2NX
to the abutmentsand not transfered through the piers(See reproduced RMS diagram below) [B5]

Currently locked up — low loads on piers
Mo gap between joints
L —
®ie; Ol
1 1 1 1 1 R |

Abutmng _Abutment

Wter Laval

— Ground Level - ) )
Piers  «———Reduced pier thickness
. ) o . due to graphitisation
—p Braking force is transferred to abutments due to closed joints over piers

After deck repairs — loads that would transfer to piers iy
Gap between joints restored

g

D10

o A

— | { | Ground Level | [ o ) )
I I Piers | | | | e=——==Reduced pier thickness

due to graphitisation
—— Braking force is transferred to all piers and abutments (as originally designed)

The braking load test undertakem the bridge supports the theory that the bridge is locked up

with negligible bending stresses recorded in the piers under the tests indicating that the horizontal
forces are being shared by all the piers or being transferred to the abutm@&his.is fotuitous as

the piers, which would otherwise transfer these braking loads, are in a condition whereby they may
not be able to withstand théull braking forcegparticularly Pier 5 which has significant
circumferentialcracking of its cast iron caisson)
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Recommendationstn December 20081e RMSReport[B4V1.3 recommended introducing
compressed sealjointswa { adF S GKIFIdG €SIF@Ay3a (KS o@FeRIS Wiz20
the risks isignificant wide cracks at ends of beams originating fromvaldars connecting beams to
pier headstocks. AsriskY AGA I GA2Yy wa{ A& NBIdzZ I NI & Y2yAOG2NRY.

Actions to date:

No action hadeen taken to repair the jointsThese repairshould not be donantil the cracked
piers(piers 5 and 6) have lkarepaired byproviding themwith astructural steejacketas
strengthening.

Is it still a condition that would warrant demolition of the bridge?

No, but thetiming of repairing the joints could negatively influence the existing conditionill be
difficult to remove and replace the dowels as this will involve coring out the existing dowels and
installing sleeves into the headstocks for the new dowels such that the bridge is able to move or
rotate to avoid building up the stresses that cause the crathe process of coring may cause
significant damage to the beams and headstock as it may of necessity cut through existing
reinforcement. Other solutions should ligentified andinvestigated such that an alternative load
path for the induced forces on éhdowelsis created as part of the refurbishment workBhis would
remove the potential for further cracking at the dowels.

A Gaps in documentation:

More information on the existing jointing arrangements would be desirable.

1 Cracking

BasicsCracking impactsn the integrity of the structure aniis durability (cracks promote corrosion
which undermines the structural strength and life of the structure)

Extent: Coinciding with the deck joints
mentioned aboveconcrete cracking &s
occurred at dowel locationis ~25 beam ends
(roughly 16%)Cracking also occurs in the
headstocks

RecommendationsRepairs recommended in
RMS Report fnrm December 2003B4V1.3

Actions:Maintenance records provided by RMS i
make no reference to crack repairs having beei e
undertaken. :

Is it still a condition that would warrant demolition of the bridge?

These by themselves do not warrant demolition of the briddgewever, if left untreated corrosion
of the reinforcement at the beam ends will undermine the integrity of the structure.
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A Gapsin documentation:

None
9 Overall Condition including cumulative effects of above deterioration

The best way of assessing the cumulative effects of all the above deteriorations is through load
testing.Performance load testing was carried out in August 8% 1.7 andd 02 y Of dzZRSR G K
ONARIS Ay WLa AaQ O2yRAGAZ2Y A& -toiler)Sta25and2 ¥ O NNE A
Restricted Access Vehicled@ibles) BD62.5 in the short term until the planned replacement of the

0 NRRISXE

In 2010 Inspetion and Structural Assessment by UB8v2.1] statedthata L ¥ wa{ Ay GSy Ra
decommission bridge in the near future, bridge in its present condition and loading will be safe for
a2yYS GAYSo¢

In February 2013 the RMS rep{B4V2.16pn the performance bthe bridge recommended G K S
higher mass limit (HML) six axle articulated truck with maximum GVM of 45.5t (ST45.5) and HML
nine axle truck with maximum GVM of 68t (BD68) be allowed to cross the bridge subject to the
following conditions:

1 Regularly monitothe graphitisation of pier columns

1 Regularly monitor the bridge deck where spans are in poor condition

T wSY2@0S lye aLlfttSR O2yONBGS 4KAOK O2dzAZ R 0S5 |
A Gaps in documentation:

Only as noted in the various subsections above.

A Conclusion

Whilethe bridge is deteriorating from various ailments it is not about to collapse in the short term.
Each ailment can be treated and this has been plainly demonstrated by RMS and dtveeser If

left untreated the bridgecondition woulddeteriorate andthe bridgewould eventually faillt

appears the RMS has left it untreated as a result of the recommendation in December 2003 to
replace the bridge in 5 years. Ten years have elapsed since that decision and a new operational
bridge could still be up to 5 yemaway. This raises concerns about the bridge integrity especially if
the refurbishment of the fabric of the bridge is not carried out in the near future.

13. Interventions to arrest deterioration

Anumberof reports, tests and investigations have been consmised each with specific
recommendations for arresting the deterioration of the bridge have been prod(seel Appendix
B4). Recommendations havyeeenmadeto deal with the major causes of deterioration, namely:
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No | Cause of Date | Recommend#&on | Source| Ref | Comment
Deterioration [B4]
Carbonisation| Oct Realkalisation GHD | V1.2 | Not done. If done would be cost
2003 effective for 50 years. Should-re

survey to determine rate of
deterioration due to carbonation.

Graphitisation| Apr Cathodic CTI V1.5 | Not done but see 4 below
2005 | protection
Spalling Jan Conventional RMS | V1.10| Only repaired where public safety
2010 | patch repair & risk exists
coating
Pier Cracking| May | Structural Analysis| CTI V2.15| Not doneg but if done would
2011 | and jacketing effectively treat 2 above
Deck joints Dec Installation of deck| GHD | V2.9 | Not done
2009 | joints

Interventions are notable by their absence since the recommendation to replace the lmmiége

yearswas made byRMSin December2003 In answer to thddP&lquestion[D6]: What, if any,

interventions to the bridge have taken place to reinstate the fabric of the bridge in the last 10 years?

Note: not maintenance but refurbishment tasks. RMS has respoaded® a4 LJISOAFA O Ay (i SN
taken place to reinstate the fabraf the bridge, although activities such as removal of spalling
O2yAydzS Ia LI NI 2F ONARIS YIAYGSylyOSodé

These major causes of deterioration continue unabated as there have been no interventions to
arrest their advance despite many recommendations abotibas that should be taken.

14. Maintenance

Q)¢

6¢KS SEAAGAY3I OoNAR3IS ySSRa G2 068 NBLXFOSR |
anditisnolongerco§ FFSOGA DS (2 YIAYyGlIAyéod

Past & Current maintenance activities : Evidencepresented by RM@&ould indicate little
has been done since the deasito build a replacement bridge.

1 From theRMSmaintenance reposit is clear that repairs were not being undertaken due to
the impending replacement of the bridge. Example: Maint@m®hspection Report Jaiary
2009 statest b 2 NB LI ANJ NBIjdzZA NER RdzS (2 ¢ mBlyREAS NI LI | (
the inspection report stated 5 dzS (2 GKS SEGNI LidzAK F2NJ NBLX | O
ALl ttAy3a 11+9 bh¢ 0SSy tAadSRe
1 From the RMS presentatigB5] Side 5 Windsor Bridge Management Strategy the Action:
20032013:RTA/RMS level 2 Inspections every two years indicates the Key Outcomes as:
0 Maintenance activities as per Level 2 reports
0 Level 3inspection and structural assessment in 28d%1.2]
o Removal of galling concrete to minimise risk to public

It is noted that despite the BIS being in operation since 1994 no maintenance activity
records have been presented for the period 2@03013leading to the conclusion that the
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RMS decision thahe bridge is dudor replacement no maintenance activities should be
performed on the bridge unless it is a risk to the public.

N

PETER STEWART
CONSULTING P/L

RMSLevel 2nspection Record®8]received indicate the following:

Element Date of Condition | Condition | Condition | Condition | Element| Element
Inspection | 1 2 3 4 Health | Condition
Rating | Index
Concrete Deck Slab Aug 2002 | 1068 Asbuilt | 100
Jan 2003 | 1068 Asbuilt | 100
July 2005 | 1068 Asbuilt | 100
Jan 2007 | 1018 25 25 0 Fair 97.7
Jan 2009 | 1018 25 25 0 Fair 97.7
July 2011 | 1018 25 25 0 Far 97.7
Element Date of Condition | Condition | Condition | Condition | Element| Element
Inspection | 1 2 3 4 Health | Condition
Rating | Index
Concrete Pier Headstocl Aug 2002 | 335 0 15 0 Fair 97.1
Jan 2003 | 335 0 15 0 Fair 97.1
July 2005 | 335 10 5 0 Fair 98.1
Jan2007 335 10 5 0 Fair 98.1
Jan 2009 | 335 10 5 0 Fair 98.1
July 2011 | 335 10 5 0 Fair 98.1
Element Date of Condition | Condition | Condition | Condition | Element| Element
Inspection | 1 2 3 4 Health | Condition
Rating | Index
Concrete Reinforced Aug 2002 | 2330 40 20 0 Fair 98.9
Beam
Jan 2003 | 2330 40 20 0 Fair 98.9
July 2005 | 2330 0 40 20 Poor 98.0
Jan 2007 | 2300 20 30 40 Poor 97.2
Jan 2009 | 2300 20 20 50 Poor 97.1
July 2011 | 2300 20 20 50 Poor 97.1

Conclusions from the above inspections are:

o FromRMSBridge Ispection Records the Reinforced Concrete Beams are the
primary guiding element in determining the condition of the whole bridge. In 2003
these were ratedtairCin the level 2 inspectiowith zero percent categorised as

] 2yRAGAZY n

reached Condition 4 and whole elementwasO¢ ( S32 NA &4 SR

W1 R@GIh 30@HR2 OB 6f Wik [2edhd ailed 2 Y

la

WLIZ 2 NI

200740m2 orl.6% reached Condition 4 and by 2@@n2 or2.1% was categorised
at Condition 4. The last report received in July 2044 maintained that 2.1% is at
Condition 4. It is difficult to accept that the condition of the whole bridge is rated as
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