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Protecting Railways From
Windblown Sand

Railway safety and serviceability must be ensured
along arid regions prone to windblown sand
Supplied by Luca Bruno | SMaRT project coordinator

Railways Across The Desert
Historically, the first railways along
deserts were built in Africa: the
military railway from Wadi Halfa to
Abu Hamed (1897–1899) over the
Nubian desert in Sudan; the railway
form Mecheria to Ain Sefra (1887)
across the northern part of the
Kenadsa desert in Algeria, further
extended to Beni Ounif (1903), and
to Colomb-Bechar (1906), in the
framework of the never finished
Trans-Saharan Railway project
(1870–1941); the railway from Aus
to Lüderitz (1906) over the Namib
desert in Namibia.
At the present time, most of the
in-service railway lines crossing
deserts and arid regions are
located in north-western China with
a total length of about 10,000km.
Apart from Far East, most of the
desert railways are located in
the Middle East: the 550km long
Dammam-Riyadh line, and the
2,400km long North-South mineral
line (Kingdom Saudi Arabia); the
266km long Ethiad railway from
Shah and Habshan to Ruwais
(United Arab Emirates); the 450km
long Haramain High Speed railway
between Medina and Mecca.
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In the short and mid term, railway
lines in desert and arid regions
are expected to rapidly grow,
particularly in North Africa and
Middle East region. They will carry
passengers, pilgrims, freight, and
minerals. For instance, the Arab
Network Railway is a 30,000km
long, high-speed/high-capacity
railway network conceived to
connect all the Arab League
Countries across Middle East and
North Africa. Its length is more than
twice the overall European highspeed railway network currently in
operation and under construction.
The corresponding investments are
significant: about US$260 billion up
to 2030.

Wide Range Of Sand Induced
Threats To Railways

The windblown sand movement
results from three main physical
phenomena. Wind speeds above
a given threshold value induce
sand erosion from the ground
surface. Sand grains are then
transported in air. Sand settles
around any obstacle met along its

Figure 1 – Map of currently in service
and planned railways across arid
regions in Africa and Middle East.
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Figure 2 – Examples of Sand Ultimate and Serviceability Limit States: full sand coverage by an encroaching dune
(a), partial sand coverage blown from sandy plane (b), running train derailment (copyright Namib Times) (c),
partial obstruction of embankment culverts (d), jammed turnout (e), ballast contamination (f).

path, provided the obstacle locally
reduces the wind speed. Long-term
grain sedimentation results in sand
accumulation and buried obstacle.
In windy and sandy environments,
the windblown sand drift may be
impressive, up to 50 cubic meters
of sand per lineal meter of railway
per year.
The unintended sand accumulation
is one of the specific key design
challenges for railway infrastructure
in arid environmental conditions.

Windblown sand potentially affects
all the railway components, i.e. civil
works (embankments, cuttings,
culverts), track superstructure
(ballast, sleepers, rails, fastening
systems, turnouts), rolling stock
(wheels), signalling system (balises,
axle counters).
Sand Limit States (SLSs) are
threshold performance levels,
beyond which the whole railway or
one of its components no longer
fulfils relevant design criteria. Sand
Ultimate Limit States (SULS) directly
affect the safety of the railway
traffic because of moving dunes

intruding on the track, windblown
loose sand accumulation on the
railway body, trapping of parked
trains, and/or derailment of running
trains. Attaining Sand Serviceability
Limit States (SSLS) involves railway
partial loss of capacity, passenger
discomfort, and/or increased
maintenance costs because of ballast
contamination, asymmetric rail
grinding and wheel profiling induced
by the sand layer on the head of
the downwind rail, and covering of
the signalling devices mounted on
the track.
For the sake of clarity, let us refer
to some real-world windblown
sand-induced disasters. The LinhaiCeke railway in China suffered a
two-months service suspension,

Figure 3 – Example of a path
Sand Mitigation Measure: Shield
for Sand (S4S) barrier, with wind
streamlines (wind from right to left).
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Figure 4 – SMaRT researchers at work in Algerian and Namibian deserts.

followed by 51 service disruptions in
the first month of operation, and the
reduction of the effective speed on 8
sections to 25km/h. In the first year
of operation (2010), over 10,000
workers were mobilized and CNY
71 million was spent on windblown
sand-induced maintenance. Sandinduced train derailments recently
occurred in India (2005), Kingdom
of Saudi Arabia (2013), Namibia
(2014).

windblown sand has remained for
a while at its infancy and in the
realm of the qualitative empiricism.
Funded in 2014 by Politecnico di
Torino and Optiflow Company,
the Windblown Sand Modelling
and Mitigation international and
intersectoral research group (www.
polito.it/wsmm) has pioneered a
systematic and scientific approach
to railway sand protection.

Protecting Railway Infrastructure
From Windblown Sand

The importance of the problem was
also recognised by the European
Union that funded a 4-year long
research project (2017-2020) named
SMaRT - Sand Mitigation around
Railway Tracks (www.smart-eid.eu).
SMaRT is supported by the European
Union’s Horizon 2020 research and
innovation programme.

Effective, durable, robust and
sustainable Sand Mitigation
Measures (SMMs) are mandatory
in order to protect railways from
windblown sand at both SULS
and SSLS. A number of SMMs
have been proposed in the past,
notably in the last decade. Source
SMMs are directly located over
the sand source (dunes or loose
sand sheets): they are intended
to prevent sand erosion, e.g. by
chemical or mechanical treatment
of the sand surface. Path SMMs
are located along the windblown
sand path from the sand source
to the railway: they promote sand
sedimentation far away from the
railway. Receiver SMMs are directly
applied to the railway: they aim at
preventing sand sedimentation on
the track, or at making the railway
components more resistant to
sand-induced wearing. The SMM
rationale designing and quantitative
performance assessment are needed
in order to orient railway owners,
engineers, general contractors
and railway operators among the
available technical solutions. Despite
the tremendous technical effort
of designers and the economic
engagement of infrastructure
owners, the railway protection from

About SMaRT

SMaRT aims at further stepping-up
research and development in Sand
Mitigation. SMaRT is developing
standardised techniques for
assessing sand hazards to railways,
conceiving new and effective Sand
Mitigation Measures, and assessing
their performance using innovative
computational simulations and
field tests.
In order to achieve these goals,
SMaRT consortium consists of a
multidisciplinary and intersectoral
team of two top ranked Research
Universities (Politecnico di Torino,
IT and University of Oxford, UK)
and a high skilled Consulting
Company (Optiflow, FR). They
offer competences in different
scientific and technical fields
ranging from geomorphology,
applied mathematics, computational
fluid dynamics, wind engineering,
structural design.

Last but no least, SMaRT consortium
is complemented by a panel of
global players in the railway industry
ranging from civil works (Astaldi),
to railway equipment (Reco, Salcef
group), and signalling systems
(Ansaldo STS). They contribute
to the project by expressing
industrial needs, taking researchers
on site, verifying the technical
and constructive applicability of
the results.

SMaRT in Africa
Africa is the preferred real world
SMaRT laboratory. University of
Oxford has a long term research
activity in Namib desert and a fruitful
collaboration with local stakeholders,
such as Desert Research Foundation
of Namibia, and Gobabeb Research
and Training Centre. SMaRT
industrial partner organisations
(Astaldi, Ansaldo STS, Salcef) have
played a key role in important
railway infrastructure projects in
Africa, and have local branches in
several African Countries.
In January 2018 SMaRT researchers
together with Astaldi engineers
carried out detailed site visits along
Redjem Demouche – Mecheria –
Bechar railway in Algeria, at the
gates of Sahara desert. Sand Limit
States have been systematically
recognized, and environmental
conditions observed, such as wind
speed and sand granulometry.
From August to October 2018
SMaRT Oxford team has carried
out detailed, long-term in situ
measurements along the Aus –
Lüderitz railway in Namib desert.
Collected data about wind speed,
sand drift and sand sedimentation
around the railway embankment will
allow a deeper understanding of the
railway burying process.
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All images are the copyright of
SMaRT members. Figure 2c: David
Wallis 2014 Namibia Times.

