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ABSTRACT

Network Rail has recently acquired High Output Ballast Cleaners (HOBC) to increase the effectiveness
and output of track renewals in the UK. One of the most important criteria to ensure efficient
programming, correct application and utilisation of the HOBC plant is to accurately predict the volume of
ballast returned to track and the subsequent amount of new ballast required for the renewal. Therefore,
the rate of return of ballast to the track needs to be determined accurately prior to any renewal using
HOBC.

This paper presents an extensive site investigation to evaluate ballast return on a planned HOBC site.
Current recommended site investigation methods to evaluate ballast return, utilising trial pitting and sub-
sampling are discussed. It was considered that a more rigorous approach should be adopted to identify
locations along the track that give a more representative sample for ballast return assessment. It was also
noted that pitting and sub-sampling is time consuming and is subject to human error. Thus, Automatic
Ballast Sampling (ABS) was conducted in addition to the more traditional methods of sample recovery in
a closely monitored site investigation. The predicted ballast recovery results based on both the ABS and
trial pitting are compared and discussed, and the relative merits of both techniques identified.

INTRODUCTION

HOBC renewal involves specialised plant in order to produce consistent and high quality renewals in a
very efficient manner over several kilometres of track in each possession. This type of renewal is being
adopted by Network Rail to increase productivity on main lines which generally have limited track
access. One of the most important criteria to ensure efficient programming, correct application and
utilisation of the HOBC plant is to accurately predict the volume of ballast that will be returned to track
and the subsequent amount of new ballast required for the renewal. This means that there is a need to
accurately determine the rate of return of ballast to the track prior to any renewal using HOBC. This
involves identifying suitable trackbed investigation techniques and producing a methodology to analyse
trackbed investigation data.

This paper presents an extensive site investigation to evaluate ballast return on a planned HOBC site,
which is 14 track miles long. Current recommended site investigation methods to evaluate ballast return,
utilising trial pitting and sub-sampling are discussed. It was considered that a more rigorous and
repeatable approach should be adopted to identify locations along the track that give a more
representative sample for ballast return assessment. This approach requires an analysis of the track
history such as the volumes of traffic, type of ballast material and maintenance history, and Ground
Probing Radar (GPR) data. It was also noted that pitting and sub-sampling is time consuming and is
subject to human error because it relies on engineering judgement. In addition, there is an inherent error
in trial pitting and sub-sampling because the accuracy of the evaluation depends on the ballast condition
or material. Thus, Automatic Ballast Sampling (ABS) was conducted in addition to the more traditional
methods of sample recovery in a closely monitored site investigation. In order that the two methods



could be compared appropriately, both methods were performed in the same ballast cribs with trial pitting
being performed after ABS. The predicted ballast recovery results based on both the ABS and trial
pitting were compared, and the relative merits of both techniques identified. It should be noted that this is
not the first time ABS has been used to evaluate ballast return. Matharu (1990) used ABS to evaluate
ballast return on various section of track and found correlation with the actual ballast cleaner return. It is
hoped to validate the analysis of the data summarised in this paper, with actual ballast returns from the
HOBC where the works are performed.

CURRENT PRACTICE TO EVALUATE BALLAST RETURN

For decades, ballast cleaners have been in operation in the UK in a smaller production unit utilising
Medium Output Ballast Cleaners (MOBC). Site investigation prior to renewal has concentrated on
determining the type of renewal or suitability of renewal using ballast cleaners. Traditionally, an
examination of the track foundation materials down to, and including, the subgrade has been carried out
from a series of cross track trenches or trial pits (Selig & Waters, 1994). The evaluation of ballast return
is then performed on these trial pits visually and/or by sub-sampling of a representative sample
comprising material from the full depth of the excavation and including a relative proportion of all the
different types of material encountered.

This gives a subjective evaluation as it relies on engineering judgement and the quality of this technique
is not auditable. In addition, there is an inherent error in the evaluation of ballast return from trial pits
where the accuracy of the evaluation depends on the ballast condition or material. For example, Figure 1
shows two sets of colour coded vertical bars representing materials encountered in a Trial Pit (TP) and an
Automatic Ballast Sampler (ABS) conducted in the same crib (or adjacent cribs) at 2 different sites. The
colour coded vertical bars correspond to a simplified materials key according to Network Rail’s Code of
Practise (RT/CE/C/039, 2003) to identify and present typical trackbed materials (as shown in Figure 2).
The ABS is an intrusive trackbed investigation technique consisting of a steel sampling tube with cutting
shoe, which is driven into the trackbed using a hydraulically powered hammer as shown in Figure 3
(Sharpe, 1999; Middleton et al., 2005).
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Figure 1: Colour coded vertical bars representing materials encountered in Trial Pit (TP) and Automatic
Ballast Sampler (ABS) at two different sites.
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Figure 2: Simplified trackbed materials key (RT/CE/C/039, 2003).




Figure 4: (a) Photograph of TP on ballast contaminated with well compacted ash; (b) Photograph of TP
on ballast with non-cohesive ballast breakdown.

The first set of data in Figure 1, which represents the TP and ABS performed on ballast contaminated
with well compacted ash, shows a consistent material log for both the TP and ABS (although the TP is
slightly dirtier than the ABS [i.e. shallower clean ballast]). It should be noted that the material log from
the TP is expected to show dirtier ballast because it represents ballast underneath the sleeper whilst the
ABS represents ballast in the crib.



However, for the second set of data in Figure 1, the material log from the TP shows cleaner ballast than
the material log from the ABS. The reason for this different outcome can be seen in Figures 4a and 4b,
which show photographs from TP’s on ballast with well compacted ash and ballast with non-cohesive
ballast breakdown respectively. It can be seen in Figure 4a that the fine ash underneath the sleeper still
adheres to the coarse ballast whilst in Figure 4b the non-cohesive fine ballast breakdown materials
underneath the sleepers do not. TP’s performed on ballast with fines that do not adhere to the coarse
ballast would produce an artificially cleaner ballast assessment and result in an overestimation of ballast
return.

Another potential problem with the traditional approach to examine ballast return using TP’s is that these
are generally performed along the track at wide spacings which may not give accurate interpretation of
the ballast return for a section of track. Assessing ballast return visually and/or sampling ballast at TP
performed at well spaced locations may not be truly representative and only show localised ballast
condition. For example, a TP may be excavated in an area of localised formation migration, a wet bed, or
a recently dug out wet bed area, which would give the wrong impression about the actual ballast return
for a section of track.

IDENTIFYING LOCATIONS THAT GIVE REPRESENTATIVE SAMPLES FOR BALLAST
RETURN ASSESSMENT

In order to performed ballast return assessment on a section of track, a systematic process is required to
identify locations along the track that would provide sample from the average ballast condition of a
section of track can be estimated. This process involves consideration of the track history (i.e. the
volumes of traffic, type of ballast material and maintenance history) and analysing the Ground Probing
Radar (GPR) trace.

The information on track history is important because ballast degradation for a section of track is a
function of the volumes of traffic, the type of ballast material or ballast year, and the frequency of
maintenance (Selig & Waters, 1994; Lim, 2004; McDowell et al., 2005). Figure 5 shows a 5 % mile
section of a track displaying the volumes of traffic, ballast year and the last 4 years of maintenance
history for that section of track. The volumes of traffic and the ballast year were obtained from the
Network Rail Engineering, Innovation and Examination (EIET) Database and the maintenance history
was obtained from the local Network Rail track engineer. It can be seen in this plot that the track history
varies along the track and sections of track with similar track history can be identified easily from this
plot. Itis likely that ballast return would vary from one section to another because of the different track
history.

The GPR trace is also important to identify locations along the track that provide representative samples
for the average ballast condition of a section of track because it provides the ballast profile and highlights
localised problems such as areas with potential formation migration. The GPR is a non-intrusive trackbed
investigation technique designed to identify anomalies in the trackbed so that targeted intrusive trackbed
investigation can be performed (Sharpe, 1999; Middleton et al., 2005). Figure 6 shows a typical GPR
trace with the heavier black/white/black interface representing the base of ballast (or at least clean
granular material). It can be seen that ballast condition at location A is likely to represent the condition
for around 660 yards of track whilst ballast condition at location B would not. It should be noted that
ABS would still be performed at location B in Figure 6 to confirm ballast condition and investigate the
source of shallow trackbed depth, but the sample would not be used to assess likely rates of return.
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Figure 5: Example of section of a track displaying track history.
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6: Typical GPR trace.




SITE INVESTIGATION

An extensive site investigation to evaluate ballast return on a planned HOBC site was performed recently
by Scott Wilson Pavement Engineering (SWPE). The site investigation involved sampling ballast using
ABS in addition to the traditional method of TP’s so that both sampling techniques could be compared.
For this purpose, both the ABS and TP’s were performed on the same crib (Note: TP’s were performed
after ABS). Track history and the GPR trace were analysed as discussed in the previous section to
identify locations along the track for trackbed investigation.

A total of 14 track miles were investigated over a 4 month period with all the site investigation performed
during weekend night shifts. The technical advantages and disadvantages of using TP and ABS for
ballast return analysis identified during this site investigation are presented in Table 1. It can be seen that
ABS is a more reproducible and efficient method of sampling ballast which provides consistent data for
ballast return analysis. However, it is noted that TP’s are still the most appropriate and efficient method
in assessing large ballast particles and variation of ballast condition across the crib.

The ballast return results from 81 sets of TP and ABS samples are presented in Figures 7 and 8, which
show the percentage of ballast return using 28mm and 37.5mm sieves respectively. It should be noted
that each sample was briefly hand sieved the next working day after sampling to minimise change in
moisture content in each sample and allow loose fines to pass through, but some fines still adhere to the
retained coarser particles. This sieving method was adopted to imitate the coarse ballast screening on the
HOBC.

The results show ballast return from TP varies more than ballast return from ABS. The reason for this
could be due to the subjective nature of sampling ballast from TP’s, where different engineers that work
on various shifts throughout the project would have a different judgement as to a ‘representative sample’.
Nevertheless, it is reasonable to conclude that the true ballast return at each location is somewhere
between the ballast return from the TP and ABS (since it is likely that TP would overestimate ballast
return and ABS would underestimate ballast return as discussed earlier).

Consistent method in retrieving
sample for ballast return
analysis;

High output i.e. 25 samples per
shift;

Good permanent record from
recovered sample that can be
audited

Sampling Advantage Disadvantage
Technique
TP Able to assess large particle Difficult to sample fines
size ballast; properly — may overestimate
Able to assess variation of ballast return;
ballast condition across the Inconsistency in retrieving
crib; “representative sample” for
Large sample retrieved for ballast return analysis;
ballast return analysis — Low output i.e. maximum 9 per
approximately 30kg shift;
Technique is difficult to audit
for quality assurance
ABS Able to retrieve fines properly; Difficult to sample large

particle size ballast — may
underestimate ballast return;
Only assess ballast condition at
discrete area;

Small sample retrieved for
ballast return analysis —
approximately 3kg

Table 1: Advantages and disadvantages of sampling ballast using TP’s and ABS.
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CORRECTED BALLAST RETURN FROM ABS

It has long been noted by many experienced SWPE personnel that the degree of sample loss in ABS is
generally related to the amount of coarse ballast in the trackbed i.e. higher sample loss is expected when
drilling ABS on a trackbed with large amount of coarse ballast particles. Sample loss is a term used to
describe the difference in depth between the samples retrieved using the ABS and the actual ABS drill
depth e.g. 0.1m of sample loss recorded if only 0.4m of sample retrieved when drilling to a depth of 0.5m.
This is thought to be due to the size of the ABS tube (65mm diameter) which is too small to sample
coarse ballast particles properly. Therefore, it can be assumed that sample loss is a measure of “lost”
coarse ballast particles (e.g. that would be retained on a 28mm sieve).

From this, a methodology which utilizes the measured sample loss recorded during each ABS has been
produced to correct the ballast grading obtained from the ABS. The corrected ballast return from ABS
results together with the ballast return from the TP and the raw ABS results are shown in Figures 9 and
10. It can be seen that the corrected ballast return generally falls within ballast return from the TP and the
raw ABS (previously suggested as the upper and lower limits).
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Figure 10: Ballast return from TP, raw ABS and corrected ABS using 37.5mm sieve.

It is noted that the difference between the corrected ballast return from one sample to another is generally
small, which is consistent with the visual ballast return assessment as shown in Figures 11 and 12. The
visual ballast return assessment is based on a subjective assessment of the ABS material log to produce a
score that evaluates ballast return. It can be seen in Figures 11 and 12 that the majority of the samples
recovered during this work were in the Moderate ballast return category (that is, slightly dirty to dirty
ballast).

It is noted that there is a good correlation between the visual ballast return assessment and the corrected
ballast return from ABS. For example, the average corrected ballast return from ABS using 28mm sieve
for all the High ballast return, Moderate ballast return and Low ballast return are 65%, 54% and 45%
respectively; and for the average corrected ballast return from ABS using 37.5mm sieve are 28%, 24%
and 14% respectively. It is also noted that the predicted ballast returns are reasonable compared to the
expected ballast return from new track ballast specified in RT/CE/S/006 (2000) as shown in Table 2. It
can be seen that the average ballast returns for new ballast is around 50% for ballast cleaning using a
37.5mm sieve and around 90% for ballast cleaning using a 28mm sieve.
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Square Mesh Sieve (mm) Cumulative % by weight
passing BS sieve

63 100
50 100-97

375 65-35
28 20-0
14 2-0

1.18 0.8-0

Table 2: Specification for new ballast particle size distributions (RT/CE/S/006 Issue 3, 2000)

TRUE BALLAST RETURN
The true ballast return for a section of track will only be known if all ballast in that section of track is
sieved i.e. after ballast cleaning. The sources of ballast fouling are well documented in Selig & Waters
(1994) which shows that variation in ballast condition or ballast return along the track is inevitable.
Trackbed investigations are limited to investigating trackbed at specific or targeted locations and provide



best evaluation of ballast return for a section of track. It should also be noted that ballast return obtained
from a sample depends on the ballast condition i.e. moisture content of ballast. For example, a lower
ballast return would be obtained from sieving a dryer sample because fewer fines would adhere to the
retained coarser particles. Therefore, the predicted ballast return obtained from the site investigation
would inevitably be different from the ballast return from the actual ballast cleaning, if weather
conditions varied significantly from site investigation dates to actual renewal dates.

Due to the expected variation of ballast return results, a consistent and reliable site investigation
technique is crucial to minimise further variation. Therefore, ABS is considered a better sampling
technique for ballast return analysis than TP because of the consistent method of sampling ballast, which
does not required engineering judgement. In addition, ABS is also the most economical because of high
output (i.e. 25 ABS compared to 9 TP per shift — see Table 1) and can be carried by technicians with
relatively little trackbed experience. (Note: materials still need to be logged by experienced trackbed staff
in the laboratory).

The method of predicting ballast return from HOBC presented in this paper is not an attempt to predict
the absolute ballast return from the HOBC, but the relative ballast return for a section of track or route.
For example, Figure 13 shows the final product of the ballast return analysis for the 14 track miles
investigated. This analysis involved the corrected ballast return from ABS for all those sampled locations
except where problems such as formation migration were evident. The figure shows the average
percentage of ballast return for the preceding 880 yards using 28mm sieve e.g. ballast return at 172 miles
0 yard is the average ballast return from 171 miles 880 yards to 172 miles 0 yard. From Figure 13, it can
be said in general that the ballast return from 171 miles 880 yards to 174 miles is approximately 10%
higher than ballast return from 169 miles 0 yard to 171 miles 880 yards.
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SUMMARY

HOBC renewal produces a consistent and high quality renewal in a very efficient manner. This type of
renewal is being adopted by Network Rail to increase the renewal productivity on main lines which
generally have limited track access. One of the most important criteria to ensure efficient programming,
correct application and utilisation of the HOBC plant is to accurately predict the volume of ballast
returned to track and the subsequent amount of new ballast required for the renewal. Therefore, suitable
trackbed investigation techniques need to be identified to estimate the rate of return of ballast to the track
prior to using HOBC.



Traditionally, evaluations of ballast return have been performed through examination of trial pits, visually
and/or by sub-sampling of a representative sample. The main drawback of this technique is the subjective
nature of the evaluation, as it relies on engineering judgement which may vary from one engineer to
another.

A systematic and repeatable approach needs to be adopted to identify locations along the track that give a
more representative sample for ballast return assessment. This approach involves consideration of the
track history to identify sites which are likely to have similar ballast return. This analysis also includes
use of GPR data to identify locations within a site that would give a representative sample for that site.

A site investigation recently performed to evaluate ballast return on a planned HOBC site noted that
ballast return from TP’s is likely to be an overestimate and ballast return from ABS is likely to be an
underestimate. From this, it is reasonable to conclude that the true ballast return at a specific location will
fall between the ballast return from the TP’s and ABS.

A methodology that utilizes the sample loss recorded on each ABS has been produced to correct the
ballast grading obtained from the ABS. The main concept behind this methodology is that sample loss is
a measure of the “lost” coarse ballast particles (e.g. that would be retained on a 28mm sieve) during ABS.
The ballast return obtained through this methodology is encouraging because it generally falls within the
upper and lower limits of ballast return from the TP and the raw ABS.

The true ballast return for a section of track cannot be accurately identified through trackbed investigation
because it is limited to investigating specific or targeted locations. In addition, the varied ballast
condition during the site investigation and during renewal (specifically moisture content of the materials)
means that the predicted ballast return will be different during these scenarios. The method of predicting
ballast return from HOBC presented in this paper is not an attempt to predict the absolute ballast return
from the HOBC, but the relative ballast return throughout a route. ABS is considered a more consistent
sampling technique for ballast return analysis than trial pits for this purpose.
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