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Les géotextiles pour la rehabilitation de base du chemin de fer

A wide range of geotextiles provide significant
short term improvements to track support problems,
however; for long term applications a very much greater
discrimination is required. Discussed is the
importance of geotextile manufacture, fiber
characteristics and polymer type along with correct
construction or installation procedures and the
matching of the soils engineering properties with the
geotextiles characteristics as essential for geotextile
longevity in rehabilitated track.

In dealing with long term performance of the
geotextile-soil system the geotextile must maintain its
ability to separate, filter and drain laterally. These
properties must be maintained despite an extremely
harsh enviromnment of abrasion from sharp cornered
crushed stone.

INTRODUCTLON

In the last two decades there has been a rapid
employment of geotextiles in civil engineering. More
recently considerable interest has been shown by the
railway industry in the use of geotextiles during track
rehabilitation. Continuous increases 1in maintenance
costs and in operating costs through train delays have
given dmpetus to research on improving track support
stabilization of which the use of geotextiles is but
one option. This option has, unfortunately, not met
with universal acceptance; both good and bad examples
have been cited by various track engineers.

Because of inconsistent performance ratings from
regional engineers a research project was sponsored at
Queen’s University under the direction of the Author by
CN Rail, CP Rail and TDC of Transport Canada through
the Canadian Institute of Guided Ground Transport.

PURPOSE OF GEOTEXTILES

Geotextiles used 1in track rehabilitation, as
opposed to new construction, are primarily used to
prevent piping of fines (from the subgrade, subballast
or dirty ballast below the undercutting elevation) from
fouling the cleaned replaced or clean make up ballast.
The phenomenon of piping fines infers the presence of
excess water which, when subject to repetitive wheel
loads, pumps upwards through the track structure under
high hydraulic gradients. The more free water there is
the faster, 1n general, the upward migration of fines,
Thus drainage improvement (whether the improvement of

Une large variation du géotextile fourni de
significante courte terme perfectionnement aux
problémes de pisté, quand mEme, pour la longue terme
application, une trés grande discrimination est
demandée. Discussion est le plus important de
fabrication glotextile, les caractés des fibres et le
genre polymé avec de construction correct au marche
d’installation et le matche des proprietés de
géotecnique avec les caracteristics est essentiel pour
le longtivité du géotextile dans le piste rehabilit?.

En amenagent avec le rendement de longue Lerme
du  terre géotextile systéme, le pgéotextile doit
maintenu son abilité de separer 1’ecran et 1le chain
lateralement. Ces propretés doivent &tre malntenu méme
s1 un extrement rude environs 1‘abrasion du rocher
craché aiguiser.

side ditch drainage dealing with surface water, or the
lowering of the ground water to increase the subgrade
strength, or drainage of the track area to prevent
water seepage into the subgrade bearing area) is always
the first and most essential item in any subgrade
stabilization work. Thus a geotextile as well as
preventing migration of fines should also facilitate
the drainage of excess water from the track area to the
side ditches.

Geotextiles have found their greatest wuse in
poorly drained regions of the terrain which are flat
and possibly marshy. These areas are generally beyond
the economic ability of the railways to drain because
of the general regional high water table. Geotextiles
are also being used at locatioms which are difficult to
maintain such as grade crossings, diamonds, switches
and 1like track structures by facilitating track
drainage at these locatioms.

SITE EVALUATION OF GEOTEXTILES

A typical excavation made to assess geotextile
performance at a grade crossing in a flat low 1lying
flood plan, is shown in Fig 1. The excavation is shown
extending down to the water table at about 950 mm (37
inches) below the ties. Some sand subballast
penetration through the geotextile may be seen below
the rail seat where the geotextile was found to be worn
by abrasion. The ballast at the center of track, where
the geotextile is intact and performing to the best of
its ability, is relatively clean. The poor drainage of
the terrain with high water table makes this locality
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FIGURE 2 SLURRY BUILD UP BELOW WOVEN AT 18 MONTHS

an excellent example of good site selection for
geotextile usage.

One of the main cobservations for good long term FIGURE 3 SUBSIDENCE ABOVE WOVEN AT 23 MONTHS
performance of an installation was the geotextile’s
ability to conduct water laterally, particularly when
the ballast immediately above the peotextile begins to
be partially fouled. In general woven and in
particular monofilament woven geotextiles do not
exhibit this abllity to hydraulically conduct water
within the thickness of the geotextile. Woven
geotextiles, with time, become 1neffective and act
almost as a plastic sheet to prevent water from
draining out of the subgrade. This is seen 1in Fig 2
for a woven geotextile after 1-1/2 years service life.
The trapped water weakens the subgrade soil causing it
Lo squeeze laterally from the area  beneath the
cross-ties. The track gradually subsides. Thus after
2 years service life the geotextile area shown in Fig
2, on excavation, had become that shown in Fig 3. This
subsidence is accompanied with a rise in the shoulder
material, as seen in Fig 4 which was photographed on
the same day as Fig 3, further aggravating drainage
from the track to the side ditches, Thus, with time,
water becomes trapped in the track area, facilitating
the weakening of the track subgrade bearing area.

Based on graded granular filter requirements the
geotextile should have an EOS smaller than the size of . . : R
the largest fifteen percent by weight of the particles FIGURE 4 TRACK AT FIG. 3 GEOTEXTILE LEVE
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of the soil to be separated. In practice it 1is found
that the soil particles will push thelr way into a
geotextile dramatically increasing its in-track EOS.
This is 1llustrated in Fig 5 which shows a geotextile,
taken from track, ultrasonically cleaned, and
photographed in front of a bright light to show the
particle penetration and abrasion holes beside an
unused sample. Geotextiles for track rehabilitation
should therefore have an EOS at least as small as the
lower 1limit of fine sand (74 microns or a No. 200
sleve) and preferably an EOS less than 38 microns (No.
400 sieve). Particles less than the EOS generally
intrude freely and particles of larger size are forced
by the repeated loading of passing axles, into the
geotextile. These particles lower the permeability of
the geotextile and also act to abrade the individual
fibers internally.

Clearly if particles are being forced into the
geotextile opening up the random fibre structure any
system of fiber bonding, provided it does mot foul the
opening size, should be beneficial to the geotextile
performance. It 1is not surprising then that those
geotextiles that had been vesin dipped and forced air
dried (to maintain their poresity and permeability)
were observed to out-perform, both in the field and the
laboratory, geotextiles of similar weight and
construction which had no bonding.

The single most important conclusion regarding
geotextile manufacture would be, in the writer’s
opinion, that geotextiles for wuse in abrasive
environments should be resin dipped.

B

It might be thought that if resin bonding was
found to be of such value then heat bonded geotextiles
would also perform well. Unfortunately this was not
found to be the case. The heat bonded geotextiles were
found to very easily foul and became impermeable
exhibiting, as seen in Fig 6, characteristics similar
to woven geotextiles (compare Fig 6 with Fig 4). The
heat treatment appears to flatten the fiber matrix, as
seen in Fig 7, making the performance much like that of
woven fibers. With time the geotextile loses 1ts most
important long term requirement, that of lateral
hydraulic conductivity.

FUNCTIONAL REQUIREMENTS OF GEOTEXTILE

Based on the field study it may be stated that
the basic functional requirements of geotextiles for
railway track rehabilitation are
(a) To drain water from the roadbed, by gravitational
forces, along the plane of the geotextile without build
up of excess hydrostatic pressures.

(b) To withstand the abrasive forcing of wmoving
aggregate caused by the passage of trains on a frequent
basis and also caused by the tamping compaction during
installation and cyclic maintenance.

(c) To filter or hold back soil particles while
allowing the passage of water.

(d) To separate soils of different sizes and gradings
which would readily mix under the loading and drainage
environment.

(e) To resist the chemical environment of a railway
track bed subject to locomotive diesel fuel and
herbicides for vegetation control. N~

.

=

Since drainage of excess water from the roadbed
is so important to roadbed stability sufficient
granular depth and subgrade drainage must be provided
to ensure that rutting does not occur, thus tensile
reinforcement is not a basic functional requirement of
the geotextile in track rehabilitation.

Second International Conference on Geotextiles,
Las Vegas, U.S.A.

FIGURE 5 COMPARISON OF NEW AND USED GEOTEXTILES
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REQUIRED PROPERTIES OF GEOTEXTILES

In order to perform its functional requirements
a geotextile wused in track rehabilitation will require
certain measurable properties which may be used as a
selection criteria. The most important of these are
(a) The hydraulic conductivity in the plane of the
geotextile; generally met by all thick non-woven
geotextiles.
(b) The equivalent opening size to prevent or limit
fouling; generally less than 40 microns or No 400 sieve
slze.,
(c) The ability to resist abrasion from moving ballast
particles; generally helped by resin-dipping.
(d) The ability to resist impact damage due to ballast
placement; generally helped by resin dipping.
(e) The ability to resist chemical deterioration due to
the track environment; generally helped by resin
dipping and by selecting Polyester as polymer type.

GEQOTEXTILE TYPES

There are two wajor divisions of geotextile
manufacture namely woven and non-woven. Because of the
importance of the in-plane hydraulic conductivity of a
geotextile only non-woven types are considered suitable
for track rehablilitation. The main  non-woven
geotextiles In use and their performance 1s summarized

as
(a) Heat bonded geotextiles which are observed to foul
easily on a long term basis. They were also found to
have low Impact resistance and cut easily.

(b) Needle punched geotextiles without resin dipping
which were observed to have low abrasion resistance in
comparison with needle punched resin dipped geotextiles
of the same mass per unit area and fiber type.

(c) Needle punched geotextiles which are resin dipped
and force air dried to ensure good porosity. These
geotextiles have proved to be the most resistant to
abrasion, impact and the track environment. N §

POLYMER TYPE

While there are many fiber types available three
ate in common use 1n North America for railway
application. These are (a) Polypropelene, (b)
Polyamide, (c) Polyester. Note = Polyethelene is
commonly used outslde North America.

The main factor which should be considered in
the selectlon of fiber type 1s its ability to remain
stable under the environment created by railway
operations. Little work appears to have been done on
the long term effect of locomotive dlesel fuel or
vegetation control herblcides such as 2-4-D, Evidence
from the field, which was by no means extensive, and in
the laboratory suggests that Polyesters remain more
stable than the other two polymers, although no
discernable environmental deterloration was observed in
the field for any polymers that had been coated through
a resin-dipping process. The beneficial effect of
resin~-dipping to Polypropelene and Polyamide was not as
evident in the laboratory work where the geotextiles
were allowed to repeatedly soak and air dry wusing
various fluids. Polyester clearly performed best in
the laboratory.

FIBER DENIER

In order to obtain a small geotextile pore size
or EOS a low denier fiber is required. On the other
hand the larger the denler of the fiber the more
resistant the fiber will be to abrasion and cutting.
The best denier of fibres for their best collective
behaviour is still unknown. There appears to have been
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a tendency for the fiber denier of non-woven
geotextiles to have decreased with time and presumably
with observed performance with 6 denier fibers being
the most common usage today (1982). With increased
knowledge 1t may be possible to make multilayered units
using different denler fibers 1In each unit of the
geotextile. Low denler fibers being used on the outer
layers to prevent particle i1ntrusion and large deniler
fibers on the inner layer to give high porosity and
thus high permeability. Under ano circumstances should
two unattached layers of geotextile be used adjacent to
each other since this would allow fines to accumulate
between the two pgeotextiles. On wetting these fines
become very weak. At  least one derailment has been
related to this condition where a geotextile was laid
as a double thickness over a considerable distance.

BURIED DEPTH EFFECT ON GEOTEXTILES

One of the contributing factors to a
geotextile’s performance in track 1s the depth at which
it 1is placed below the base of the ties. While it is
well known that the intensity of pressure generated
from a standard wheel load is distributed through the
track structure decreasing with depth, it is also known
that abrasion depends on the deformations occurring at
the geotextile level and thus subgrade modulus. This
is to a large extent controlled by track drainage since
soil behaviour is very much dependent on soil suction
and moisture content. Thus as a first comparison six
sites installed with needle punched resin dipped
geotextiles all having unit area mass (weight) between
450-510 g/m2 (13 - 15 oz/ydz) were examined. The
estimated percentage of geotextile damage for each
sample of geotextile was obtained by measuring the area
of the enlarged holes in the worst 300 mm (ft) square
section (generally close to the rail seat) Lo obtain
the percentage worn through area of the geotextile.
The results are shown in Fig 8. The values range from
0.3 percent at a depth of 350 mm (14 inches) to 4.1
percent at a depth of 175 mm (7 1inches), clearly
indicating that as the depth of ballast between the
ties and the geotextile is reduced the amount of damage
that the geotextile receives is increased.
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FIGURE 8 OBSERVED GEOTEXTILE DAMAGE VS BURIED DEPTH
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The majority of the plotted values indicate a
linear drop in percent damage with respect to depth
down to a depth of 250 mm (10 inches). Below 250 mm,
the rate of change in percent damage 1s considerably
decreased which suggests that a large portion of the
damage occurring to these types of manufactured
geotextiles excavated from 250 mm (10 inches) and
greater below the base of the ties originated during
the installacion period of repeated tamping and raising
track in small 1lifts and not during the in-service
life.

Note that some of these geotextiles have been in
service for up to 5 years so that 50 mm (2 inches) of

track settlement may have already oceurred,
particularly as all the ballast above the geotextile
must have been freshly placed or replaced. A

comparable installation depth should be taken as 300 mm
(12 inches) or greater.

INSTALLATION OF GEOTEXTILES

In the planning of any geotextile imstallation
the execution of good drainage practices should be
considered of paramount importance. Whether the
surface below the track is sledged, ploughed or
undercut it 1s desirable to have the freshly prepared
track bed surface with a slope of at least 48:l.
Figure 9 illustrates some of the points requiring
attention during installation which are commented on
below.

1f a track gopher undercutter with trencher is
used to prepare the track roadbed surface the drainage
should be towards the trench side of the track which in
double track territory should be on the ditch side.
The prepared trench should be kept 150 mm (6 inches) or
more deeper than the prepared track bed surface and the
fouled shoulder material removed to below the bottom of
the trench.

At grade crossings or other areas where drainage
must be along the trench parallel to the track, at
least for some short distance, then a small perforated
pipe is recommended to facilitate drainage. The pipe
should be laid directly on the geotextile which itself
will be laid on the prepared roadbed and trench bottom.
The perforated pipe should be taken to the ends of the
grade crossing and then bent perpendicular to the track

GRADE CROSSING SECTION

SECTION BEYOND CROSSING

GEOTEXTILE AND PIPE LAID
TO DRAIN UNDER GRAVITY
INTO DITCH BEYOND CROSSING
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direction and extended to drain directly into the
surface side ditches or drainage facilities.
Geotextiles are often  bent upwards through grade
crossings to prevent lateral migracion of particles
from the highway pavement support. Once the geotextile
has cleared the pavement area it should be turned down,
as shown in Fig 9, to allow gravitational drainage of
water through the shoulders of the track Immediately
each side of the crossing. Again a small perforated
pipe, properly installed, will facilitate drainage and
add to the geotextile’s usefulness.

Geotextiles, once in place, must be covered with
200 mm (8 inches) or more of ballast prior to first
tamping otherwise the tamper tines, which penetrate
about 75 mm (3 inches) below the ties and cause
excessive movement of ballast to about 150 mm (6
inches) below the ties, will cause the vibrating
ballast to abrade holes in the geotextile.

If the geotextile 1is of sufficient quality to
withstand the harsh track environment and has been
correctly installed then ballast fouling occurs either
by ballast degradation or through the ballast surface
from foreign sources. Clearly good quality ballast
agpgregate 1s a desirable asset for a geotextile
installation even 1f only applied over the short
lengths of track where the geotextile is installed.

In order to allow for future undercutting of a
track and also to reduce the abrasive forces on a
geotextile it is highly beneficial to the longevity of
the geotextile to be placed as deep as possible. On
the other hand, track undercutting costs increase
rapidly with depth. As a compromise, a 300 mm (12
inch) depth below the ties appears to be reasonable and
acceptable based on observed installation and damage
depths. This depth would be deep enough to allow
future shallow undercutting without having the
geotextile cut into small pleces. These small pieces
of geotextile can become caught in the undercutter’s
screens turning the geotextile into a detriment rather
than asset.

COST-BENEFLIT OF GEOTEXTILES
Any cost-benefit of a geotextile installation

will need a site specific analysis however where they
are used to protect the ballast below switches and
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FIGURE 9 GRADE CROSSING GEOTEXTILE INSTALLATION
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diamonds some general statements are possible.
Switches, diamonds and like track structures cost today
(1982) in the order of $25,000 to $100,000 each
depending on size and any underlying geotextile would

cover 25 to 100 m® (250 to 1000 ft?). Even 1f .a
geotextile as expensive as $10 a square metre ($1/ft°)
were Lto be selected it should only add about one
percent to the cost of the installation. In poorly
drained terrain such a percentage cost is likely to be
negligible compared to the savings from the reduced
maintenance and added 1life of the specialized track
structure. Geotextiles properly selected and installed
are therefore likely to be of immense beneficial cost
savings.

It 1is worth recording that on every site where
the writers extracted a geotextile, the track foremen
responsible for the territory stated, without
exception, that they had observed less tie maintenance
in track having underlying geotextiles as opposed to
track without geotextiles. While a cost cannot be
assigned to such statements it 1is clear that in the
poorly drained terrain of this study the reduced tie
maintenance was sufficiently significant to be observed
by the day to day maintenance personnel.

SUMMARY AND CONCLUSIONS

While a wide range of geotextiles perform
satisfactorily over a short period of time, much
greater discrimination 1s required for good geotextile
performance over longer periods. Geotextiles should
never be used as a substitute for good or improved
drainage practice. Rather they have their greatest
potential for long term benefits in facilitating
drainage from the track area to the side ditches by
lateral flow along the geotextile wunder gravitational
flow conditions. Installation procedures Lto ensure
such conditions are achieved are of immense importance
for satisfactory long term performance of the
installation. Because drainage, or the lack of it, is
such an important factor geotextiles are found most
widely used in poor draining, flat and marshy terrain.
Their low incremental cost in the lastallation of
switches, diamonds and the 1like results in high
benefits when correctly used below such track
structures in poorly drained terrain.

of the three ma jor types of non—-woven
geotextiles studied, needle punched geotextiles which
have been resin dipped followed by forced air drying to
ensure retention of porosity were concluded to be
considerably better than either heat bonded or needle
punched with no resin dipping. Woven geotextiles were
found to perform detrimentally on a long term basis as
were heat bonded geotextiles. Needle punch resin
dipped geotextiles with an EOS less than 40 microns (No
400 sieve size) are recommended as the small pore sizes
resist clogging better and prevent the intrusion of
larger particles (relative to a geotextile with a
larger EOS) which were observed to cause greater
internal fiber abrasion  and reduced lateral
permeability.

A trade-off between geotextile wunit area mass
(weight) and buried depth is apparent but a 700 g/m2
(20 o0z/yd”) of needle punched resin dipped geotextile
at a buried depth below tie base of 300 mm (12 inches)
is recommended as a minimum for continuous welded rail
and 1000 g/m2 (29 oz/yd®) as a minimum below
discontinuities. These masses (weights) should be
doubled if the geotextile is mnot resin dipped and
increased 50 percent if the buried depth 1s decreased
to 200 mm (8 inches). If less than 200 mm (8 inches)
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ballast depth is used damage may well occur from moving
ballast during initial tamping reducing consilderably
the benefit from the geotextile.

The above recommendations leave substantial
leeway for the development of new geotextiles involving
multi~layer manufacture with low denler fibers being
used on the outer layers and large denier fibers in the
centre. Under mno circumstances should two unattached
layers of geotextile be used since fines could well
accumulate between the layers.
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