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ABSTRACT 
 
This paper presents a case study of real time survey monitoring of the highly trafficked Sydney Main 
Western Rail corridor in Burwood, NSW.  Immediately adjacent to the rail corridor a four to five level 
basement was excavated in fill and shale, to a depth of over 20 m below the adjacent tracks. 
 
The extensive real time survey system included about 250 targets at 2 m intervals on both rails of the 
track closest to the excavation (which was between 3 m and 7 m away).  Live data was available 
through Lynton Survey’s website for the 12 month duration of excavation and ground anchoring. 
 
This paper demonstrates three advantages of the real time survey system.  Firstly, the ability to detect 
unexpected and rapid movements, allowing their cause to be identified and immediate action to be 
taken.  Secondly, the presence of a continuous check on rail track geometry to ensure that rail safety 
was not compromised.  Thirdly, insights into the movement of the shoring system and retained ground, 
which allowed design modifications that might not otherwise have been made. 
 
Keywords: real time automated survey, rail safety, basement excavation, ground movement.  
 
 
1 INTRODUCTION 
 
This paper presents a case study of real time survey monitoring of a rail track adjacent to a deep 
excavation in Burwood, NSW Australia.  The excavation is a 4 to 5 level basement within fill and shale, 
and is continuous across the 170 m long, 20 to 25 m wide site.  Immediately adjacent to the north (and 
longest) boundary of the site is the highly trafficked, 6-track Sydney Main Western Rail corridor, see 
Figure 1. 
 
During basement excavation and construction this was probably the highest consequence excavation 
in NSW, so a vanishingly small likelihood of failure was required.  Further, the rail authority RailCorp 
required an extremely high level of confidence that both operations and rail safety were maintained.  
Implementation of a Ground Movement Monitoring Plan prepared by PSM was one measure taken to 
address the above; this plan was signed off by several parties including RailCorp. 
 
2 SITE DESCRIPTION 
 
The site was formerly a rail yard.  Geotechnical conditions at the site comprise non-engineered fill of 
up to 4.5 m depth.  Underlying the fill is residual soil that grades to fresh Ashfield Shale by 
approximately 9 to 10 m below ground level.  In this paper, ‘ground level’ refers to the ground level on 
the development site prior to construction and is approximately 4 to 5 m below track level. 
 
The rail tracks are supported by a gravity retaining wall that runs along the north site boundary to a 
height of up to 4 m above ground level.  The excavation extends to a depth of over 15 m below ground 
level, and over 20 m below the rail tracks, see Figures 2, 3 and 4. 
 
The temporary perimeter retention for the north boundary comprised 750 mm diameter bored, cast in-
situ reinforced concrete piles at 2.5 m centres, connected by a capping beam.  Four rows of ground 
anchors were constructed through each pile.  The anchor design was for 30° declination, with the top 
row to pass through the footing of the brick gravity retaining wall and the non-engineered fill behind the 
wall, see Figure 2.  The anchor design satisfied difficult electrical isolation issues.  Shotcrete infill 
panels were installed within soils during sequenced excavation. 
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Figure 1: Site plan, showing locations of survey monitoring targets. 

 

 
Figure 2: Typical cross section looking east 

(vertical and horizontal scales equal, south boundary retention not shown). 
 
3 RAIL MONITORING REQUIREMENTS 
 
Monitoring of the rail track adjacent to the excavation was of critical importance to ensure rail safety, 
with 5 trains per hour passing by the site on the closest track during peak times, and many times more 
trains on the other 5 rails which are more highly trafficked.  RailCorp standards (eg SPC207 ‘Track 
Monitoring Requirements for Undertrack Excavation’) required real time monitoring of the rail track to 
assess track geometry parameters, i.e. deviation of the track from its design alignment.  The track 
parameters assessed, with respect to the design track alignment, were: 
 

- ‘Line’, the horizontal deviation (from design) of the mid-point of a 10 m chord (single rail). 
- ‘Top’, the vertical deviation (from design) of the mid-point of a 6 m chord (single rail). 
- ‘Short twist’, the deviation of cross level between rails (from design) over a 2 m length. 
- ‘Long twist’, as for short twist but over a 14 m length. 

 
Each of the track geometry parameters above had alarm levels corresponding to various levels of 
concern with regard to rail safety.  These alarm levels included any lack of alignment that existed at 
the start of construction or that was generated by rail operations.  Rail standards did not set any limit 
on absolute movement of the track.  This meant that some translation movement due to bulk 
excavation was tolerable, provided that differential movement was acceptable. 
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4 AUTOMATED TRACK MONITORING SURVEY SYSTEM 
 
4.1 Description 
 
To fulfil the track monitoring requirements for an excavation of this size and duration, the most 
practical solution was a fully automated, real time track survey system. 
 
A monitoring system, complying with the PSM Ground Movement Monitoring Plan, was designed, 
installed, and maintained by Lynton Surveys.  The extensive system comprised approximately 250 
survey targets fixed at 2 m intervals along both rails of the track closest to the excavation (which was 
between 3 m and 7 m away), and fixed on pickets driven into the embankment between the track and 
excavation.  Approximately 250 other manually read survey targets were installed on the brick gravity 
retaining wall, the shoring piles, and across the road adjacent to the south of the site.  Survey target 
locations are shown in Figures 1 and 2. 
 

 
Figure 3: View of site from near survey base station, excavation depth approximately 4 to 5 m. 

 

 

Figure 4: Left, survey monitoring target fixed on rail. Right, vertical panorama of completed excavation. 
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4.2 Hardware and software 
 
The survey base station was a Total Station model Leica TS30.  This was installed on the roof of a 
multi-storey building opposite the site (Figures 1 and 2), and connected to mains power supply.  
Continuous real-time data was obtained locally via a site PC and software, where all monitoring 
parameters were calculated and checked against alarm levels.  Data was immediately uploaded and 
made available through a website set up by Lynton Surveys, for the duration of the excavation and 
beyond.  Information available to be viewed in graphical format, or downloaded, included the change 
in absolute track position, and the track parameters required to be monitored by SPC207, both versus 
time and versus chainage.  This allowed either quick checks on key areas or parameters, or more 
detailed assessments as required. 
 
4.3 Survey prism installation 
 
Survey prisms were installed on the web of both rails of the track closest to the site at 2 m intervals, 
see Figure 4.  These prisms were affixed using MegaPoxy PF, and base-lined manually prior to 
system operation.  Base-line surveys were used to calculate the true track geometry, and establish 
offsets from the survey prisms to the top and face of the rails.  This allowed calculation of track 
geometry from prism monitoring measurements. 
 

4.4 Operation 
 

The automated survey system was typically able to measure the absolute position of the track to 
better than ±1 mm.  Relative movements between prisms were measured at much higher accuracy 
due to mathematical cancelling of systematic survey effects during calculation of track parameters .  
The cycle time to measure all 250 prisms on the track and embankment was typically up to 1 hour.  
Cycle time and accuracy were occasionally affected by rainfall, train movements, or obstruction of 
prisms by construction activities. 
 

4.5 Maintenance 
 
In general, monthly cleaning of the prisms was required to remove accumulated dust and grime.  
Occasionally, replacement of prisms was required due to prisms being disturbed.  Typically between 0 
and 5 prisms per month were disturbed due to trains, track maintenance activities, or loosening of the 
bond with the rail by rain or rust.  Occasional manual survey was undertaken to verify the automated 
results, this was typically done every 3 months. 
 
5 ADVANTAGES OF REAL TIME MONITORING 
 
5.1 Detect unexpected and rapid movements 
 
It is common for predictions of retaining wall and ground movements to be based on analysis that 
essentially assumes that the wall and anchors are “wished” into place at the appropriate stage of 
construction.  Thus these predictions include consideration of excavation, wall bending/translation and 
anchor extension.  They do not include consideration of movements caused by anchor or pile 
installation or resulting ground loss and it is the writers’ experience that these often dominate actual 
ground movements. 
 
The survey system proved extremely valuable for detecting unexpected and rapid rail movement.  
Subsequent site inspections allowed the cause of such movements to be identified and addressed.  
An example of this is shown in Figure 5.  The top plot shows vertical movement of selected points on 
the rail versus time, caused by drilling of the first 4 top-row anchor holes (partly through non-
engineered fill) using a wash drilling technique.  The quality and quantity of data meant there was no 
debate about the cause of the movement, allowing focus to be on the response.  In this example, the 
response included an immediate change in drilling methodology to dry auger drilling within soils 
(including fill), and installation of casing immediately when rock was reached.  The data also gave a 
clear indication of when movement due to the drilling had ceased.  If manual survey was being used, 
the data would probably not have been obtained frequently nor would it have been accurate enough to 
allow such certainty about the cause or such a rapid response, especially considering the 170 m 
boundary length over which the anchors were being constructed. 
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Figure 5: Survey monitoring data showing rail movement due to anchor hole drilling. 
 
5.2 Rail safety 
 
The survey system played a major role in ensuring that rail safety was maintained for the duration of 
basement construction.  The survey system would issue an automated SMS warning when any track 
alarm level was reached.  This would have allowed an immediate response to unacceptable rail 
movement, which was important because trains were running near continuously (4 am until 1 am), and 
approximately every 10 to 15 minutes during peak hours). 
 
As it eventuated, no real track alarm levels were reached during basement excavation.  The only track 
alarm levels reached were false alarms due to survey prisms being disturbed or knocked off, or 
obscured by objects or rain drops.  Despite total track movements of up to 30 mm horizontally and 
vertically, this movement was smooth enough across the site such that railway track geometry 
parameters line, top, and twist, did not change significantly nor compromise rail safety.  Figure 5 
(bottom plot) shows the change in track geometry parameters in response to the relatively localised 
settlement of almost 15 mm shown in the top plot.  This was the highest differential total movement 
that occurred during excavation. 
 
5.3 Wealth of data gives confidence to make design modifications 
 
The wealth of data available lent itself to detailed assessment of ground movement, and the ability to 
make design modifications with confidence.  An example of this is a modification to the design of the 
top row of anchors.  Part way through construction of the top row of anchors, it was desired to lower 
the remainder of the top row anchors such that they would pass beneath the footing of the brick 
gravity retaining wall (approximately 4 to 4.5 m below ground level).  This would avoid the need to drill 
through the wall footing.  The anchors would also be deeper below the tracks and pass through 
residual soil rather than non-engineered fill, so anchor drilling was expected to cause less movement 
of the tracks. 
 
It was necessary to ensure that lowering the top row of anchors would still result in acceptable ground 
movement and shoring pile moments.  The lowered top row would result in a longer cantilevered 
length of shoring piles of 4.5 m, plus an additional 4 m height of surcharge from the brick wall and rail 
embankment above ground level, giving an effective cantilever of up to 8.5 m, see Figure 2.  Such a 
cantilevered retained height would not usually be expected to perform well, if lateral earth and 
surcharge pressures were applied over the entire height of the cantilever.  However it was also 
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Figure 6: Movement of rail towards excavation versus chainage, at time of modification of top anchor 
row design.  Separated into components due to excavation, and due to anchor drilling between Ch 

935 and 970.  Data available at 2 m intervals but analysis only undertaken at approx. 10 m intervals. 
 
possible that pressures would mainly be applied to the shoring piles at and below the base of  the 
gravity wall footing, equivalent to a much shorter cantilevered height of about 0.5 to 1 m, see Figure 2. 
 
Back-analysis of ground and shoring pile movements based on monitoring data obtained when the 
excavation reached the level of the original top anchor row indicated that lateral pressures were either 
being applied to the shoring piles mainly at the base of the gravity wall footing or were less than 
assumed in design; either way very little pressure was being applied near the top of the shoring piles.  
This back analysis required separation of movements due to excavation and anchor drilling, which 
indicated that over half of the movement towards the excavation to date was attributable to anchor 
drilling, see Figure 6.  Vertical movements are not presented in this paper. 
 
The back analysis was based on displacement time history data, and a detailed knowledge of site 
activities including dates of excavation and anchoring.  This analysis would not have been possible 
with traditional manual survey data due to insufficient frequency and accuracy.  It gave the confidence 
required to lower the top row of anchors.  The real time survey also allowed ongoing performance to 
be monitored to check assumptions about future performance. 
 
6 CONCLUSIONS 
 
The real time automated track monitoring system proved of great benefit for this deep basement 
excavation project.  It was the primary tool to ensure that the safety of the rail track adjacent to the site 
was maintained.  Without the real time automated survey system, there would have been significantly 
more uncertainty in the survey accuracy, track geometry calculations, and the causes and nature of 
ground movement. 
 
The rail track geometry proved to be relatively robust, with track parameters maintained within 
specified tolerances, despite absolute movements of up to 30 mm horizontally and vertically. 
 
Rail safety aside, the data from the survey system also gave confidence to make design modifications 
that otherwise may not have been possible. 
 
Similar survey monitoring systems would be viable for large or complex projects, where the scale or 
scope would be too large for traditional manual survey to be effective. 
 
The authors intend to publish a complete detailed analysis of all the survey data for the site, including 
assessment of ground deformations due to different types/depths of anchor hole drilling, lateral soil 
pressure, and rock mass stress relaxation. 
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