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ABSTRACT  
 
The construction of Cardinia Road station as part of the Growth Area Stations Project Package 1 
(GASP1) required significant site works including the construction of a new pedestrian underpass 
beneath existing electrified rail tracks.  Construction and installation options were jointly considered by 
John Holland Group (JHG) and Arup.  As the completed underpass lies below the site groundwater 
level, and the underpass was to be installed in a two day rail occupation, the preferred option was to 
construct the entire underpass alongside the railway, and slide the structure into position with 
specialist jacking input from VSL Australia Pty Ltd (VSL).  The 508t underpass box was jacked a 
distance of 19m during a 55 hour rail occupation.  An overview of the jacking method is provided.  
Significant collaborative planning and preparation was required between Arup, John Holland and VSL 
to design suitable temporary works to enable the works to proceed successfully.  Challenges included 
the construction of a 4.5m deep excavation adjacent to live rail lines and completing excavation, 
jacking and box reinstatement within the rail occupation. Monitoring of the applied jacking force, 
performance of the reaction slab and installation tolerance of the underpass was completed.  This 
paper discusses the options considered for the underpass installation, geotechnical and structural 
design considerations, construction planning and presents a back analysis of the underpass jacking 
and installation tolerances.  
 
Keywords: Cardinia, underpass, jacking, water retaining, railway, occupation  
 
1 INTRODUCTION 
 
The new Cardinia Road rail station is located approximately 58km south-east of Melbourne on the 
Pakenham line, and serves a rapidly expanding residential area. The station has platforms and car 
parks on the north and south side of the tracks.  The pedestrian underpass links the two sides, and is 
designed to be an inviting high quality environment, being 6.0m wide with clear visual sightlines.   
 
Metro trains Melbourne (MTM) Projects are constructing the station on behalf of the Victorian 
Government’s Department of Transport.  MTM appointed John Holland as the design and construct 
contractor, with Arup providing engineering design services.  
   
2 UNDERPASS INSTALLATION OPTIONS 
 
The underpass construction beneath the existing railway was recognised as a high risk activity. Arup 
and John Holland collaboratively appraised various construction options.  Key drivers were minimising 
both the number of rail occupations and risk of occupations over-running.  Options considered 
included; 

1. Bored pile abutment walls supporting a prestressed deck with an insitu topping.  Excavation 
and construction of the underpass would proceed beneath the completed deck;  

2. Excavation and craning in precast underpass segments which could be stressed together and 
waterproofed externally; 

3. Sliding the complete underpass on temporary Teflon footings or rollers; and 
4. Excavation and underpass jacking with specialist input from VSL (selected method). 

 
The selected option (4) of underpass jacking was preferred as it required only one occupation, had 
fewer safety risks due to fewer activities and no heavy lifts during the occupation, had a low risk of 
over-running the occupation, and provided a high level of quality for the structure and waterproofing, 
as it could be constructed as a monolithic element with most of the construction taking place off-line. 
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3 JACKING METHODOLOGY 
 
The open cut box jacking technique has been successfully used internationally for over twenty years 
and involves pushing a structure over an excavated open cut launch surface into its final position, via 
strand jacks attached to its rear.    
 
A schematic of the jacking operation is shown in Figure 1.  The excavation launch pit, reaction slab, 
underpass and jacking equipment were all built off-line adjacent to the railway.  During the occupation 
the rail was removed, subgrade excavated, underpass jacked into position, subgrade backfilled and 
rail tracks reinstated. 
 

 
 
Figure 1 Schematic of the jacking process with the strands shortening pushing the structure forward.  
 
The process required a temporary reaction slab, which provided resistance for the substantial applied 
thrusts.  It consisted of four parallel shear keys, linked by two longitudinal beams containing the dead 
end anchorages.  The reaction slab provides a level surface for construction of the underpass, whilst 
kerbs on its sides help to guide the structure into position. 
 
The launching thrust is applied by jacking against the prestressing strands, connected between the 
rear of the structure and the front for the reaction slab.  The jack grips the strand and then extends 
over the stroke of the jack, pushing the underpass forward.  The jack is then released and retracted, 
moving up the strand where the process is repeated.  In this manner the jacks progressively work their 
way along the strands progressively pushing the box forward.  The strands are contained within an 
enclosed channel between the permanent structure and reaction slab.  A slip membrane of two 
greased plastic liners was placed between the reaction slab and underpass to prevent bonding and 
assist sliding.  Additional omega channels linked by tubes were also cast in the base of the underpass 
to enable bentonite to be injected beneath the underpass should it be required to assist sliding.  These 
channels were also used to inject grout beneath the strucutre in its final position. 
 
Forward movement of the structure is controlled by each jacking stroke.   There are two jacking points, 
one on each side of the structure, which can be used to adjust the lateral direction of the structure by 
varying the jacking force between them.  The vertical position of the underpass during sliding is 
controlled by adjusting the excavated profile in front of the structure.  
 
The reaction slab was located as close as possible to the final position of the structure to minimise the 
jacking distance.  However, as the completed structure was 3.0m further forward than the front of the 
launch slab, horizontal struts – known as launching tails - were required at the rear of the structure, to 
ensure that the live end anchorages remain behind the dead end anchorages for the full extents of the 
jacking.  The strand geometry required a minimum separation of 7.0m between anchorage points to 
maintain anchorage bend radii, thus giving a total tail length of 10.6m. 
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3.1 Site Layout 
 
The layout of the excavation pit and jacking operations was optimised to provide safe operation of the 
railway, minimise costs and reduce the work required during the jacking operation. 
 
The launch pit base dimensions (4.5m deep, 31m long and 10m wide) were dictated by the design 
underpass level and to the need to provide room around the underpass for construction and jacking 
operations.  The launch pit was positioned on the south side of the rail to avoid nearby properties on 
the north side. 
 
The proximity of the pit (and therefore underpass box construction) to the location of the final 
underpass was dictated by the location of the toe of the temporary batter below the rail lines.  An 
allowance of 0.5m was provide in front of the underpass structure for a test jacking which was 
completed prior to the occupation.  The crest of the excavation was offset 2.5m from the nearest rail 
with a batter slope of 1v:1.25h.  The stability of the slope is discussed in section 4.1 below.   
 
The length of the launching tails was minimised to reduce excavation and construction costs.  A 
contingency length of 0.1m was provided to mitigate the risk of launch slab movement. 
 
Rows of dewatering spears were provided along both sides of the excavation pit to control 
groundwater and assist with slope stability.  Spears were not placed on the slope in front of the 
underpass (below the rail line) as they could be obstructions during jacking and may have required 
benching in the slope, potentially pushing the excavation pit further from the final jacking position.  
Prior to the jacking operation additional spears were installed on the far (north) side of the rail lines. 
   
4 GROUND CONDITIONS 
 
Ground conditions typically consisted of interbedded layers of clayey sands and sandy clays.  The 
upper 1.0m to 1.5m of the profile was typically soft/loose material.  Below this the main formation 
consisted of layers of very stiff sandy clay and dense clayey sand.  Ground investigations (Worley 
Parsons, 2010) indicated clay layers were highly plastic with a design undrained strength (Su) of 

150kPa.  Sand layers were assessed to have effective stress parameters of ’ = 36o
 and c’ = 6kPa 

based on drained triaxial testing.  Shear vanes undertaken during excavation often indicated Su > 
250kPa, however the presence of sandy material within the clay may have artificially elevated these 
results. 
 
Piezometers were installed in boreholes at both ends of the underpass as part of the investigation 
works and ground water was typically recorded to be 2.2m to 2.7m below ground level. The near 
surface (0.2m depth) grey sand was saturated and this was considered to be a perched lens of 
groundwater recharged by rainfall events with minimal flow based on observations in excavations. 
 
For temporary works the clay material was taken to behave in an undrained manner, however, the 
sandy nature of the material meant the material could behave in a drained manner and designs 
considered the possible effects of fully drained behaviour. 
 
The friction between the base of the underpass and underlying reaction slab and ground during the 
sliding was a key parameter, affecting the magnitude of the required jacking force and design of the 
reaction slab.  An upper bound maximum peak friction value of 0.6 was assumed for design allowing 
for initial bonding and setup.  The reaction slab was designed to develop passive resistance across all 
four shear keys in both drained and undrained condition. 
 
4.1 Temporary Excavations 
 
Temporary excavations were typically designed to provide a Factor of Safety (FoS) of 1.6 based on 
undrained strength with a reduced Su = 100kPa to account for the duration excavations would be 
open.  4.5m high slopes with a gradient of 1.5v:1h were typically adopted for the launch pit excavation.   
 
Due to the critical nature of the excavation adjacent to the rail track, a more conservative approach 
was adopted considering both drained and undrained behaviour.  The design was based on a limit 
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state approach in accordance with Eurocode 7, and compared against more traditional FoS 
approaches.  A batter slope of 1v:1.25h was adopted for the temporary batter adjacent to the rail track. 
 
Geotechnical inspections were carried out during the launch pit excavation to confirm the ground 
conditions and inspect for groundwater.  During the launch pit excavation temporary vertical cuts were 
inspected which showed freshly excavated slopes could stand vertically. Settlement monitoring was 
undertaken on the rail tracks and at the top of the slopes. 
 
While some surface erosion did occur, no instability was observed in any of the batter slopes.  Plastic 
sheeting was pinned to the face below the rail track to mitigate surface erosion. 
   
5 CONSTRUCTION AND JACKING OPERATION 
 
The underpass installation consisted of two operations; preparatory works including the underpass 
construction, and the jacking operation.   JHGcompleted the majority of the works, with VSL providing 
specialist input for the jacking strand anchorage, placement and jacking equipment. 
 
5.1 Jacking Preparatory Works 
 
Initial excavations to review ground conditions took place several months prior to the jacking.  Once 
the design and programme had been finalised the full excavation was undertaken to minimise the 
duration the works were open.   
 
Once the main excavation was complete the reinforced concrete reaction slab and shear keys were 
constructed.  The dead end anchorages were placed in the nose of the reaction slab.  The finished 
surface of the reaction slab was cast to a very tight level tolerance to minimise undulations or 
roughness than could increase the friction below the underpass.  The slip membrane was then placed 
prior to underpass construction.  
 

 
 
Figure 2 Construction of the underpass in the 4.5m deep excavation pit adjacent to the rail lines.  
Dewatering wells are in place, the reaction slab has been completed and the jacking strands can been 
seen extending out the back of the launching tails.  The underpass base slab is completed and 
preparations are underway for the casting of the underpass walls. 
 
Jacking strands were placed along the reaction slab, with particular care to avoid strands crossing.  
Steel channels were placed over the strands and sealed to provide separation between the strands 
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and the underpass structure.  The reinforced concrete underpass was then constructed with omega 
channels for possible bentonite injection.  
 
Two jacks were attached to the launching tails in the week prior to the track possession.  A test jacking 
was completed prior to the occupation to verify the jacking system was operating correctly and break 
the seal between the underpass and the reaction slab.  A third contingency jack was provided on site. 
 
5.2 Jacking Operation 
 
Rail excavation, jacking and reinstatement were completed during a 55 hour track occupation in late 
June 2011.  Weather conditions were clear and dry, perfect for the jacking operation.   
 
Once tracks had been removed, the bulk excavation was undertaken with a 20t excavator.  Temporary 
batter slopes were cut vertically to reduce the volume of excavation and backfilling, with the upper 1m 
of weaker material battered back at 1v:1h.  Batter slopes were inspected during the occupation.  The 
excavation floor was trimmed to a tolerance of 0 to +10mm in advance of the underpass with frequent 
spot level checks.  No bentonite lubrication was required and the small bow wave of water pushed out 
in front of the underpass may have helped lubricate the moist, highly plastic clay encountered.   
 
The underpass and reaction slab level and position were monitored during installation to confirm the 
alignment was within specified tolerances and assess if the jacking/excavation required refinement.  
 
Backfilling behind the underpass walls was completed with remote controlled compaction plant until 
backfilling was within 1.2m of the top of the underpass. 
 

 
 
Figure 3 Excavation for the jacking with the trimmed sliding surface at the commencement of jacking. 
 
A time-lapse video of the underpass excavation, jacking and reinstatement can be viewed at 
http://www.youtube.com/watch?v=SEsEN4ho-DA. 
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6 JACKING BACK-ANALYSIS 
 
Jacking frictional resistance and installation tolerances have been reviewed.  
 
6.1 Frictional Resistance 
 
The trail launch required a total jacking force of 2,600kN to initially move the underpass, giving an 

effective friction below the underpass of  = 0.51.  This compares to the design maximum of  = 0.6. 
 
During the jacking operation the total force applied to the jacks was typically in the range of 800kN to 

1,200kN, giving an effective friction of  = 0.18 to 0.25.  There was no obvious difference in the friction 
below the underpass between sliding on the concrete reaction slab and excavated ground profile.  As 
noted above the presence of water may have assisted in lubricating the highly plastic clay. 
 
6.2 Jacking Speed and Control  
 
The underpass was jacked a distance of 19m in just under 4 hours, giving an average speed of 5m/hr.  
The final position (Table 1) was within allowable tolerances and the positional offsets were 
accommodated in the underpass internal fit out and connections to adjacent structures.  The lateral 
difference (22mm) between the front and rear of the underpass indicates a slight steering to the west. 
Negligible movement of the base slab was observed.   
 
Table 1: As built jacked box position compared to design position. 

Position alignment  Installed Position Offset 

Axial direction  -50 mm 

Lateral tolerance – front end -26 mm 

Lateral tolerance – rear end -4 mm 

Vertical position 
NW corner -7mm 

SW corner +12mm 
NE corner -6mm 
SW corner +8mm 

 
7 CONCLUSION 
 
A significant amount of collaborative planning between Arup and JHG for the design and execution of 
the underpass jacking produced a better design and smoother construction outcome.  Project risks 
were mitigated by being able to complete most of the works off-line, only use one occupation and 
reduce safety risks through limited occupation acitvities and no heavy lifting. 
 

The peak design friction value of  = 0.6 is considered appropriate based on the peak recorded value 
of 0.51, limited available friction values from previous case studies and time critical nature of the 
operation. There was no significant variation in the friction below the underpass when sliding on the 
reaction slab or excavated ground, with friction values typically in the range of 0.18 to 0.21 and an 
average jacking speed of approximately 5m/hr.  The positional tolerances were well within limits and 
better than expected.  Temporary excavations performed as expected and the assumption of 
undrained soil behaviour reduced the extent of temporary works. 
 
The underpass was jacked into place during a single rail occupation with minimal safety risks that 
enabled the rail track to be handed back to the rail operator on time. 
 
8 ACKNOWLEDGEMENTS 
 
Special thanks go to David Trayner and VSL Australia Pty. Ltd for their specialist jacking input.  
Thank you  to DoT and MTM for their permission to publish this paper. 
 
REFERENCES 
 
Worley Parsons Pty Ltd (25 Jan 2010). “Melbourne Growth Stations – Cardinia Road, Phase 1 and 2 Environmental and 

Geotechnical Site Assessment.” Ref 301010-00483-00-EN-REP-0001. 

ANZ 2012 Conference Proceedings 438


