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Abstract — Transport infrastructure slopes across the UK are vulnerable by their exposure to increasingly frequent inclement
weather caused by climate change. Slope failures gain national press attention for the disruption they cause to essential
transport links and the public expenditure required to repair and reinstate. Compacted clay soils, commonly used in the
construction of embankments in the transport infrastructure sector, are subject to progressive deterioration caused by
volumetric shrinking and swelling in response to wetting and drying cycles. Precipitation events in Britain are projected to
increase in frequency and severity during the next decade with legacy earthworks (exceeding 80 years) enduring the effects
of prolonged exposure to fluctuating weather cycles, reducing resilience of the infrastructure. They are also influenced by the
prevailing construction method and design guidance of the age. The provision of slope drainage is a widely used mitigation
technique used by transport infrastructure owner/operators facing slope stability challenges, and these are often retrofitted to
legacy assets to capture and divert surface water. Effective drainage solutions should encompass a design that considers the
slope globally; it’s composition, any pre-existing instability or deterioration mechanisms, preferential flow pathways into
existing desiccation cracks etc. However, it is questionable whether design details are changeable in practice, to better suit
the existing earthwork and drainage baseline condition. Drainage installation method and maintenance strategies are vital
components in ensuring that the drain contributes to improved slope stability, rather than allowing deeper and faster
propagation of wetting fronts, causing increased pore-water pressure at depth. This paper sets out to investigate the flow path
of water within legacy slope drainage, the deterioration mechanisms of the drainage material and clays surrounding. This will
be evaluated through field investigation of a historic rail cutting with existing counterfort drains in place. This research aims
to review the likely condition of aged slope drainage that has been negated from a frequent maintenance schedule, the
subsequent impact and risk posed to the surrounding earthwork. The information gained from this research should aid
understanding of deterioration mechanisms to both the slope drainage and earthwork soils surrounding these and the works
that are required to avoid such a loss in performance and maintain earthwork stability.
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1 Introduction

Climate change has been proven to increase air temperature globally (NASA, 2020) , changing local climates and weather
patterns throughout the seasonal cycle. In the next decade Great Britain is anticipated to experience both prolonged drought
events (Environment Agency 2006) as well as increased frequency and intensity rainfall events (Met Office 2020). The result
of these more extreme weather conditions will be felt by infrastructure assets and their users (Dawson, 2017). These include
utilities and freshwater distribution, transport networks, telecommunication systems and electric power distribution etc. The
effective management of these assets in adverse weather conditions largely depends upon the accurate prediction of
destructive weather events, proactive maintenance measures and continual investment.

Earthworks associated with transport infrastructure or Long Linear Assets (LLAs) are proven to be regular sources of
failure, causing increased expenditure and interruption to service (Briggs, Loveridge and Glendinning 2017) Many British
rail embankments and cuttings are in excess of 150 years old and do not offer the same resilience as those more recently
upgraded or constructed (Power and Mian 2016). The majority of these failures are credited to increased precipitation events,
with Network Rail recording 250 earthworks-related failures between 2019 and 2020 (Network Rail 2020) . The organisation
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has set out its plan for the £44.8 billion spend prior to 2029 with one of its key focus points being climate change response
and the safety of core assets (Office for Rail and Road 2023).

The critical component of earthworks management is widely considered to be the effective control of surface and ground-
water within these assets (Haines 2020). The successful design, installation and operation of suitable drainage systems is
therefore arguably the most vital component of mitigation against failure for infrastructure-related slopes (Mizal-Azzmi,
Mohd-Noor and Jamaludin 2011). The installation of this drainage may occur during initial construction or more commonly,
as a retrofit process. Evaluation of hydraulic conductivity spatially throughout the earthwork, and particularly in the region
immediately surrounding the drain, is a vital component of earthworks design (Soares Marques and Leroueil 2015)
. However, conductivity will change with time and should be reassessed at progressive stages in the life cycle of drainage
assets, particularly if the drain has not been maintained and therefore may have deteriorated. As an advisory report from Mott
Macdonald to Network Rail states; ‘“Drainage can be an effective method of both controlling porewater pressures and
stabilising slopes, although the presence of non-functioning drains can be detrimental to stability.” (Mellor, Parry and Spink
2017).

This research aims to evaluate the capability of slope drainage to sufficiently convey water from a slope and control pore
water pressure and investigate potential adverse impacts of neglected drainage. This paper focus on the investigation into
deterioration mechanisms of granular trench drains and how these influence the surrounding clay soils.

2 Methods and Materials

In January 2024, access to the earthwork assets owned by The Keighley & Worth Valley Railway Preservation Society
were granted for a small investigation and sample extraction for further laboratory testing, conducted over a two-day period.
The site investigated was a railway cutting approximately 10 m in height 0.8 km north of Haworth train station, approximate
grid reference: SE 03588 3793 1. This cutting was Victorian in age (prior to 1853) (National Library of Scotland 2024) and
the counterfort drain is dated at approximately 1960 from anecdotal evidence. The superficial geology comprises Till,
Devensian underlain by Millstone Grit Group sedimentary bedrock (British Geological Survey 2000). The location of the
railway cutting and the latitude/longitude of investigation locations, together with a contextual photo are illustrated in the
Figure below.

F1g 1: KWVR Investigatory Posmons

A total of 3 locations for sampling and in-situ testing were chosen to reflect different positions along the drain, including
upslope, mid-slope and downslope. The investigation comprised the hand removal of trench material (all) in three layers —
each approximately 330mm deep. Observations regarding particle size, clay inclusion and an estimate of undisturbed void
space were recorded at the scene. The ‘trial pit’ was incrementally photographed and material bagged for Particle Size
Distribution (PSD) testing in the laboratory, in accordance with BS EN ISO 17892-4:2016. Neighbouring disturbed samples
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of clay, at corresponding depths, were extracted using hand auger methods and Dynamic Cone Penetrometer (DCP) was used
in the clay bordering the drain. This in-situ testing data was used to give an accurate depiction of soil stiffness, along the
depth of the interfacing clay. DCP testing was conducted in accordance with Transport Research Laboratory (TRL) technical
guidance (TRL 2004). This methodology facilitated the comparison of all three investigation sites along the length of the
drain, allowing for the assessment of changes in drain composition and any potential impact on surrounding clays due to soil
movement, and how these changes occur spatially.

3 Results

The visual survey record for all drainage positions, with descriptions adapted to results from laboratory and in situ
testing is shown in Figure 2 below. The presence of voids and clay encroachment into the drain was recorded, though this
was limited to qualitative, visual observations. There is evident variation in drain compaction and clay content at locations
both up and downslope. With the granular material at the most upslope position of the drainage trench noticeably more loose
and with reduced fines content when compared with positions downslope. It was observed that the clay encroachment
increased with depth in all positions, with Investigatory Position C completely impassible to water. Photos have been included
for visual evidence of anecdotal descriptions and efforts were made to keep the materials extracted as undisturbed as possible
for review and representative sampling in further laboratory testing.

SURROUNDING CLAYS DRAINAGE MATERIAL INSITU VOID RATIO
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occasional brick. Cobbles are grey,
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infill. Filtration material comprises
sandstone and brick, Gravel is grey,
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Fig. 2: Visual Investigation Record
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It is notable that in modern earthwork drainage design details, gravel particle sizes are considerably smaller than those
found at this site, which can be described as coarse gravel and cobbles which are not reflective of current best practice (British
Standards Institute 2022). Additionally, modern design details would typically include a suitable perforated pipe connected
to an outflow at the toe as well as a geotextile surrounding the drain to limit the lateral movement of fine material. The
inclusion of these reduces the deterioration of the drain itself but does require increasingly frequent maintenance and
replacement, up to every 10 years (Network Rail 2021).

In situ DCP results are shown in Figure 3. In the case of the investigation example, softening of the clays surrounding
the mid and lower slope drains are visible, with areas of softening from 0.5m depth and below. The results circled in red are
reflective of test termination due to the presence of drainage gravels that have spread into the clay surrounding. In all positions
DCP tests were conducted a total of three times.

Insitu DCP Results
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Fig. 3. In situ Dynamic Cone Penetrometer (DCP) results adjacent to drain.

4 Discussion

Clay content in drainage voids is shown to increase with both vertical depth of drain and distance downslope caused by
the gravitational movement of water and carried fine particles. The presence of fines in the drain reduces the free flow of
water through the drain and can cause the backing up of such water in a storm event. It is noted that these drainage assets are
assumed to be more than 60 years in age, with no record of maintenance activities. This example is representative of the
impact of both superseded design details that preclude the use of geotextiles for fines protection or water conveying perforated
pipes, together with negligeable maintenance.

The DCP values and distribution demonstrate the softening of the clays surrounding the mid and lower slope. It is
considered that this is caused by the inability of the drain to successfully convey excess water and its subsequent storage
within the drain. The softening of the clay immediately around the drain is then caused by the outward egress of water from
the drain of this stored water, though this mechanism is clearly not proven. The most pronounced demonstration of this
mechanism is at the mid-slope (point B), where the clay encroachment into the drain is partial, but further movement of water
downslope is prohibited by the completely clay encroached region of the drain beneath this point down the slope. If the DCP
results are used to calculate Uniform Compressive Strength (UCS) these give a range of values of between approximately
100-1300kPa (Alshkane, Ahmad Rashed and Daoud 2020). The UCS of soils is observed to have a detrimental impact of
slope stability and reflect a weakened plane the could potentially cause small scale rotational or more wide spread translational
failures. There is also evidence to suggest the gradual pushing out of drainage material into the surrounding clays from its
original trench location, occurring from the drain base and expectedly further up slope as the drain pore spaces fill and push
outward progressively. The values that suggest this are circled and the rounding off of the drain boundary and merging of
clays with filtration material was evident during the visual survey.

Figure 8 provides a visual summary of the hypothesis proposed movement processes occurring over years of repeated
storm cycles, evident through this investigation. These deterioration mechanisms include the fines material wash out from
surrounding clays into the drain voids, the settlement of this material vertically within the drain, and down-slope within the
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drain. This is accompanied by gradual lateral push-out of gravel material into clay soils surrounding the drain, causing a
blurring of the drain-clay boundary. This phenomena occurs firstly at the base of the slope drain and then gradually works
upwards, as the drain voids are filled at mid and upslope positions. Additionally, softening of surrounding clay occurs as it is
exposed to water held within water pockets in the gravel that are surrounded by clay that is inhibiting its movement down-
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Fig.4: Movement Schematic Diagram

5 Conclusions

In summary this paper has investigated the potential adverse impacts of neglected drainage assets on slope
stability. Through the field investigation of a legacy railway cutting and counterfort drains evidence was used to propose a
hypothesis for drain deterioration and its adverse impact on slope stability. These deterioration mechanisms include clay
encroachment within the drainage trench boundary. This is more prevalent in the lower sections of the drain and downslope,
with gravity and water movement working simultaneously to occlude the poor spaces and form a blockage. The infilled void
spaces are likely to prohibit the moment of water into channels at the base of the slope. The surface and stormwater water
movement within the drain is likely to become trapped and this in turn may cause progressive softening of the clay soils
surrounding, when exposed to wetting over prolonged and repeated time periods. This paper supports the viewpoint that “the
presence of non-functioning drains can be detrimental to stability.” (Mellor, Parry and Spink 2017)
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