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FLASH BACK TO 1968

• Mexico City held the Summer Olympics

• Robert F Kennedy was assassinated

• Vietnam War

• Mattels Hot Wheel toy cars were introduced

• Apollo 8 became the first human spaceflight 
to reach the Moon.

• Hugh Jackman and Will Smith were born

• Warringah Freeway in Sydney was 
constructed
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1. Location

▪ Warringah Freeway, Sydney, NSW, Australia

▪ 3.5 km divided freeway that extends from the Gore  
Hill Freeway at Naremburn in the north and ends at 
the Bradfield Highway (north of the Sydney Harbour 
Bridge)

▪ Aka M1 Motorway

▪ Current traffic volumes 100,000 per day (10% HV) 
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3.5km Sydney 
Harbour Bridge 
to Naremburn



2. Project timeline (WFU)

• 2014 Project identified in Infrastructure NSW State 

Infrastructure Strategy

• 2016 NSW Government budget allocated funding 
for planning of the Warringah Freeway Upgrade

• 2020 NSW Government released EIS for public 

exhibition 

• 2020 NSW Government announced shortlist of 3 

consortiums for the main works contract

• 2021 NSW Government awarded main works 
contract

• 2026 Expected construction completion
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Project justification:

• Create connections to the Western Harbour Tunnel and Beaches Link projects
• Reduce traffic congestion - Improve traffic flow - Improve capacity
• Simplify a complex road corridor

• Take pressure off the Sydney Harbour Bridge, Sydney Harbour Tunnel, ANZAC 
Bridge and Western Distributor 



2. Contract Award

• Awarded 2021

• Project Type: Incentivised Target Contract (ITC)
• Project Cost: ~ A$1.2B
• Main Contractors: CPB Downer JV

• Main Designers: Jacobs Arcadis JV
• Peak – 250 FTEng across 5 countries
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3. The Project

• Freeway upgrade - Harbour Bridge to Naremburn

• Approximately 3.5 km zone of works
• 57.6 Lane/kms upgraded
• Road widenings and infills

• New & upgraded ramps
• Local road upgrades & adjustments

• Improvements to interchanges at Falcon Street, 
High Street 

• Carriageway 18 lanes at widest point

• 9.3 km of drainage pipe and 760 pits 
• 12 Bridges 

• 7.2 km Retaining Wall (70 separate walls)
• 3 Tunnel Portals (cut and covers)
• 1.1 km of noise walls

• 170 ITS signage and 12 dynamic directional signs
• New and upgraded pedestrian and cyclist 

infrastructure
• Upgrades and modifications to bus infrastructure 

including a dedicated bus lane

• Active transport links for cyclists and pedestrians.
• Zipper barriers
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4. WFU Pavements Team

Craig Hodder  (Arcadis)

Discipline & South Zone 
Pavement Lead

Scott Minards  (Arcadis)

Central Zone Pavement Lead

Brad Taylor  (Jacobs)
North Zone Pavement Lead

Albert Sultana  (Jacobs)

Pavement Engineer
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Detailed Design

CPS & Construction

Peter Carson (Arcadis)

Pavements
Construction Phase Services

Tim Hodge (CPB)

Project Manager
Construction Delivery
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Spreading first 100mm of concrete base
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5. Construction of Original Expressway
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• Original Warringah Freeway Pavement is mesh 

reinforced concrete pavement (continuous 
through transverse contraction joints i.e. hinge 

joints) 

• Asphalt surfacing was used because they 

couldn’t achieve good ride quality due to large 
amount of hand placed slabs

• Concrete slabs are 7.6 m long although reported 

elsewhere 6.6-7.5m 

• Slabs are similar to JRCP in proportions, however, 

are substantially different in terms of the joints

• Kerb and gutters were tied to concrete base; kerb 
only was dowelled with 13 mm dia. bars 

• We note that since construction was completed, 
some of the original pavement arrangement has 
been modified due to road widenings, road 
maintenance, or resurfacing. Therefore, in some 
locations lean-mix concrete subbase and/ or 
stabilised sand subbase and built-up asphalt 
surfacing was encountered. 

• Majority of the existing pavement is MRCP, 
however there is a bus layover area consisting of 
JRCP, and from Miller Street overbridge 
northwards, the pavement changes from rigid to 
flexible ~1.2km. 



Cross section of the Original Expressway

Profile details:

• 200mm Concrete 18MPa Lanes, 

20.7MPa shoulders (SL82 mesh)

• 150mm Crushed dolerite/ picrite base

• 300mm Crushed sandstone subbase

• Sandstone subgrade
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Original construction:

• Concrete received from ready-mix 

truck and paved between fixed 

forms

• Two-layer concrete paving i.e. 

Place 100mm concrete, mesh, 

then place final 100mm concrete

• Compacted by surface pan vibrator

• Cement content 280kg m3

• 20mm max. agg size

• 50mm slump

• Cured with bitumen emulsion through 

lanes & Shell White Sealer on raised 

concrete shoulders

• Hessian drag through lanes, concrete 

shoulders broom finished



Jointing and reinforcement of the Original Expressway

Transverse contraction joints 

-Joints varied at 6.2-7.6m

-Skewed joints except in raised 
concrete shoulders

-Formed with steel T-bar, 50mm 
deep 10mm wide joints with 
temporary polystyrene fillers, 
later removed & filled with 20/30 
bitumen 

-Continuous wire reinforcing 
fabric in middle 1/3 of slab, 8mm 
round deformed bar, 200mm grid
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Expansion joints

-Where abutting 
structures

Construction joints

-End of day – Reported as 
doweled

Longitudinal joints

-Keyed & Tied

-N12 tiebars 1.35m long at 
760 mm centres

-If pavement width >11m one 
untied longitudinal joint 
provided

-Coincided with lane lines



5. Kerbs and raised concrete shoulders
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Pavement investigations

• Coreholes

• Boreholes

• Laboratory testing 

• Compressive strength

• Deflection testing

• Remember WFU wasn’t about upgrading the road, it was about widening and modifying to suit the WHT connection and 
keeping as much pavement as possible
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Pavement Plan
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Mainline Pavement Profile – Detailed Design
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Non-standard 
concrete pavement 
– coined ‘MRCP’



Mainline Interface Details – Detailed Design
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Mainline Edge Details – Detailed Design
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Jointing Details – Detailed Design
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- Modified TfNSW JRCP Rigid 
Pavement Standard Details



CONSTRUCTION
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Construction phase

• Warringah Freeway Upgrade:

• Upgrade of traffic configuration & 
enabling of WHT

• Not an upgrade of the pavements

• Widening and re-sheeting of existing

• Project Pavement Makeup:

• MRCP South of West St Bridge, 
Cammeray

• FDA North of West St

• 81% within South Zone of project (South 
of Falcon Street)

• 19% within North Zone of project
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North Sydney 
Oval



Construction phase

• What we expected to find onsite:

• 200-220mm jointed reinforced concrete base

• 150mm broken (Crushed) stone subbase

• 300mm select material backfill

• What we did find was surprising!

Well for an almost 60 yo pavement

• Pretty much what we were told to expect

• ~220mm concrete base

• ~150mm stone subbase

• ~300mm clay/select material backfill
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Construction phase

• Main construction constraints

• Limited closures

• Tight out of hours/noise constraints

• Heavy daytime traffic

• Piecemeal/Staged Construction

• Conditions in our favour

• Consistent pavement type

• Consistent rigid pavement thickness

• Consistent jointing (reduction in dowels with 
MRCP)

• Reasonable quality base pavement
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Construction phase

• Conservative paving method utilised

• Manual fixed form paving

• Allowed for the piecemeal, variable width paving that 
was necessitated by the traffic staging constraints.

• Innovations

• Adjusted pavement model (MRCP)

• Access to site?
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Construction phase
• Access Innovation

• Example median worksite

• Minimal room available not able to fit an agi + equipment adjacent to 
pour

• Typically requires closure of at least 2 live lanes 

• Hard to get ROL approvals & can expose workers to live traffic

• So just make more room quicker, simple
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Construction phase

• Access Innovation

• Zipper Barrier + BTM from Lindsay
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Construction phase

• Access Innovation

• Zipper Barrier + BTM from Lindsay
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Construction phase

• Issues uncovered to date have been 

consistent with pavement widening projects:

• Unknown pavement faults

• Variable subbase quality, some erosion

• Undocumented historic utility crossings

• Existing infrastructure within pavement 

e.g. structural footings & utilities

• Compromised (undocumented) practices 

in some areas
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Construction phase
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• Issues uncovered to date have been consistent with 

pavement widening projects(cont’d):

• Existing jointing layout could only be accurately 

verified once milling had been completed. 

• Be careful what you wish for. Low level reflective 

cracking through AC regulation layer has restricted 

ability to confirm exact joint locations.

• Inconsistent/undocumented asphalt overlay 

depths. Pavement level redesign on the fly.



Construction phase

• Unknown pavement faults

• Part & full slab replacements

• Joint repairs & re-sealing
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Unexpected surprises during construction

• Berry St On Ramp:

• Design anticipated shallower AC & to tie into existing rigid 
pavement;

• During construction revealed that the pavement profile was an 
existing AC thickness ~350mm over an overly thick concrete 
base ~ 800-1200mm thick in places;

• Initially thought we’d expose a series of anchors, not so;

• Changed pavement type to flexible.
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Unexpected surprises during construction

• Careening Cove Culvert:

• Careening Cove Culvert runs 
diagonally under Warringah 
Freeway, Nth Sydney;

• Information indicated there was 
rigid pavements over and on 
approach to culvert;

• When exposed only a thin layer of 
AC found over culvert;

• Compromised pavement design 
incorporating existing condition 
required to be created to resolve 
problem. 
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Construction phase

• Warringah Freeway Upgrade Status:

• 171 of 272 TMP’s implemented;

• Structures 65% complete;

• Drainage 65% complete;

• Rigid pavement 55% complete;

• On track for 2026 completion.
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How Active/Dormant are 
MRCP Joints/Cracks?



14 Nov 2009: SB carriageway has been sawcut & sealed



11 July 2014: No change, no maintenance for 5 years



11 September 2014: NB carriageway has been sawcut and sealed



21 August 2018: NB carriageway has been milled and re-sheeted



9 January 2023: 5 years later NB carriageway has no evident 
reflective cracks and concrete shoulder milled and AC wearing course added



February 2024: >15 years after sawcutting and sealing the SB carriageway it has had 
no maintenance.  6 years after re-sheeting NB it has had 1 patch & is in good condition



Completion and 
Opening to 
Traffic 2026
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