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Abstract. Railway construction involves substantial earthworks (embankments
and cuttings). Cuttings may reach the water table, and embankmantsesd
preloading when on soft soils. Even during operation of the raiiwaythe bal-

last put into place under the railways undergoes densification andldégna
over time which reduces the hydraulic conductivity of the materiad. gitenom-
enon may affect the durability of the structure if the ballast is Hetalevacuate

the water during heavy rainfall, flooding or snowmelt. Drainage systanssifo
water were traditionally made with granular material layers and perforated col-
lector pipes, one of the main reasons being the ability of that systsupport
heavy loads over time. As their flow capacity is not load oe thensitive when
confined in soil, drainage geocomposites with mini-pipes Draintobeften
used instead of the granular drainage layers. At the different stages dfthg ra
construction, it protects the cuttings against high water table, decreatiesethe
for consolidation on soft soils and increases the overall drainageigapf the
system under ballast. It also allows the use of Hydraulically Bound Materia
(HBMs) on top of it.

This publication presents a case study for each application,witnthe related
laboratory study or on-site monitoring. Drainage geocomposites with mies-pip
have been successfully used for 30 years; the product is desigeadHqroject
function of the specific site conditions. It requires less machinemstali and
reduces the Greenhouse Gas (GHG) emissions compared to a granulat materia
solution.

Keywords: drainage, geocomposijtailways.

1 I ntroduction

Dainage systems for soil water were traditionally made with granular material layers
and perforated collector pipes. The use of drainage geocomposites becmeesmm
mon with the development of products that meets the specific requirementdof eac
application. Moreover, the geosynthetic solution is cheaper than the graratéaiain
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(for the same performances) in the majority of applications. It is fasiastall, re-

quires less machinery and reduces the Greenhouse Gas (GHG) emissionsojéthe pr
[1]. Like any engineering solution, drainage geocomposites must beelatited and
designed to function for specific site conditions. In railway infrastructarasnage
geocomposites with mini-pipes are used as lateral drainage on vertical wick drains un-
der preloading embankments, directly under the tracks to increase tregydreapacity

of the ballast or in cuttings to intercept high water tables. These three applications will
be developed in the following paragraphs based on case and laborat@y. stud

2 Multi-linear drainage geocomposites

2.1 Geocomposite description

Drainage geocomposites with mini-pipes Draintube are used in civil engineering and
more especially in earthworks projedts the past 30 years. They are multi-linear
drainage geocomposites (terminology as per ASTM D443xf@hposed of non-wo-

ven geotextiles that are needle-punched together with perforated, corrugafgd-poly
pylene mini-pipes regularly spaced inside and running the length of theeekig.
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Fig. 1. Geocomposite description

2.2 Hydraulic characteristics

The drainage capacity of the product is driven by the numbeimbfpipes within the
product. There is a linear relationship between the distance between the mini-gipes an
the transmissivity of the overall product [B}]. It has also been shown that the flow
capacity of the multi-linear drainage geocomposite is not load or time sensitve wh
confined in soil [5]. Fig. 2 shows shows results of hydraulic trarswitistests (ASTM
D4716 [6) carried out on the product compressed under a load of 2,400 kPaq50
psf) which represents a 120 m (390 ft.) high soil embankment.
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Draintube Hydraulic Transmissivity under 2,400 kPa (50,000 psf)

Boundary conditions (from top to bottom):
75mm sand | Draintube | Geomembrane 1.5mm | 25mm sand

i=0.02}
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Fig. 2. Drainage capacity of the multi-linear drainage geocomposite time

2.3 Mechanical characteristics

Mechanical properties of the drainage geocomposite must be selected as a function of
the drainage application, the installation conditions and the soil in which the product is
in contact. The tubular drainage geocomposite is made with adapted short-staple fib
geotextiles, from 200 g/m2 (6 oz/sy) to 900 g/m2 (26 oz/sy) or alidveelongation

at break of the product is always greater than 50% (ASTM D4632 [7])ingéke
product flexible to provide a good connection with the subgrade soil stailed.

The mini-pipes have a pipe stiffness at 5% deflection over 3,000 kPag33IBPTM

D2412 [8).

3 Drainage under embankment on soft soils

3.1 Project description

One of the High-Speed Lines (HSL) constructed in France in 2008 (L&Hhin
Rhéne), crossed numerous compressible areas as well as bridges thed thguion-
struction of preloading embankments in conjunction with surcharging to aatectlee
expected settlements of the subgrade. These preloading embankments included vertical
wick drains with a multi-linear drainage geocomposite on top as a horizontal drainage
base layer. The major preloading embankments were 7.5 m (25 ft.) kighcae than

40 m (130 ft.) wide. Subgrade was composed of loess on the firgtl8 fh), sandy

soil from 4 m (13 ft.) to 6.5 m (21 ft.) then clayey soil frémb m (21 ft.) to 11 m (36

ft.).

Expected settlements were estimated to be from 40 to 90 mm (1-1/2 tor8}1/2 i
from geotechnical identification of the subgrade soil layers. The length of the vertical
drains was set at 11 m (36 ft.) with a square grid of 1.2 m x 1£2finX 4 ft.). The
multi-linear drainage geocomposite was unrolled directly on the wick drains.
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3.2  Completion of works

After the removing of the topsoil layer, the vertical wick drains were driven ieto th
ground as required as depicted in Fig. 3 below.

Fig. 3. Installation of the vertical wick drains

The multi-linear drainage geocomposite was unrolled perpendicularly to the railway
line and overlapped the wick drains (Fig. 4). The mini-pipes of the prbdueta spac-

ing of 0.50 m (20 in.) centdp-center. The geocomposite collects the water from the
wick drains and drains it to ditches on each side of the embankmentillBerckbil

was placed directly on the drainage geocomposite to the final level.

|

Fig. 4. Drainage geocomposite installation

3.3 Monitoring and results

The sub-base was monitored using profilometers to measure settlements ovedtime an
choose the right moment to remove the overload. Examples of settlementensag
values are indicated in Fig. 5.



4th-ICTG, 221, v4 (final): "The use of Draintube drainage geocomposites under railway . . .

5
Settlement graph - PF Average of embankment (points 2 to 6)
PK 23+090 Profilométre N* R380 - 12 Mesure n° 1 a 14
100
2.0
E 80
— 70
@ aieet
T 60
£=
€ 50 .
£
E 40 . .
& 30
E 20
10
0.0
1 100
Time (days)
20
10 A a
E 00 - —— 1 — ‘J*I e
= A0t - \‘\1 100 -
= o —
2 20
5 S
£ - e
1 I A
Y 40 l‘:‘I'-I.c,—
A
5.0
6.0
Time (days)

Fig. 5. Example of the subgrade settlements over time

The measured settlements did not exceed 40 mm (1-1/2 in.), which was lowgrethan
estimated limit, and the effective consolidation time was about 3 months.

The use of a multi-linear drainage geocomposite for horizontal draindgadraf a
granular layer offered consistent performances and reduced the costpoélthadiig
embankment construction as granular material should have been extracted &nd tran
ported from the carrier to the site resulting in a heavy truck traffic in anchérhe
worksite. In comparison, one full truck can carry enough multi-tide@nage geocom-
posite to cover an area of approximately 10,08@approx. 100,000 sf).

4 Cut sections

Cut sections involved large and high slopes to get stability and avoid landslidase
of groundwater infiltrations or high water taptliee use of drainage masks with granular
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material implies to carry and install a large amount of materials. The use of agérain
geocomposite for subsurface drainage reduces that need of granular material.

4.1 Installation

The drainage geocomposite is unrolled directly on the subgrade with thpipga in
the direction of the slope. It is anchored on top of the slope and conteet&tench
drain at the toe. The backfill is then placed on top of the product frobottan to the
top (Fig. 6.

The drainage geocomposite does not provide additional strength resistanee for th
stability of the slope. But due to the non-woven needle-punched geotextie dayiee
product, the geocomposite/soil interface angle is generally the same as the internal fric-
tion angle of the soil in contact.

Fig. 6. Drainage mask construction with drainage geocomposite

4.2  Monitoring and results

On a new HSL constructed from 2013 in France (LGV Est), monitoring hascbeen
ducted to evaluate the two solutions: drainage layer made with granular material and
made with nalti-linear drainage geocomposite. Two areas of 52%5%50 sf.) each
have been monitored with temperature sensors, water content gauges at the interface,
and flowmeters [9]. Details are shown on the Fig. 7. The mini-pipes pfaldect have
a spacing of 0.50 m (20 in.) center to center.

The water content monitoring for both solutions is shown on the Eigd&ig.9. It
can be observed that the water content remains stable between 20% and 40 % at the
gravel/soil interface and between 20% and 27% at the geocomposite/soil inteothce.
drainage systems perform well, keeping the soil above unsaturatediwgg rain
events.



4th-ICTG, 221, v4 (final): "The use of Draintube drainage geocomposites under railway . . .

5 o

N1 WRRRNAN AN RRAN] AR NN

il £ b s

L
LLLEEEE ||I||I%DTT

Draintube geocomposite: Granular layer @]

T rT—
o

—
—

- *o

Implementation of the monitoring Probe.
S— - SR s T

Fig. 7. Probes implementation (plan view)

50 20
OPROBEC01 A PROBEC02 X PROBEC03 —pluviometry —
£
40 E
FREEURE 7 DO NS RO 2
g t102
S | [T B
3 20 | 9
2 =
g E
=
]
10 s ?
=
(11" BT
0 - — 1 Lo
") .l N\ a N ™ o v
g ’s@ » '-r@\ \,\N '-(\v’ w'{‘:& v“‘“ 09\ i v& 4 vs,“
& Y
Fig. 8. Watercontent at gravel / soil interface
30 O PROBEC0O4 PROBE.C05 PROBE C06 PROBE. C08 20
+ PROBE C09 ¢ PROBE C10 —pluviometry
([ T
g
— 155
~ £
< g
e £
b z
£ T
< ]
5 2
E: =
—5 E
3
s
-0

Fig. 9. Water content at geocomposite / soil interface
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5 Drainage improvement under railways

5.1 Project description

Within the scope of work for some track reconfigurations, alternative deayesers
are used, given the limited space available in some track corridorairage geocom-
posite with mini-pipes can be used in order to efficiently evacuate the watdvdtom
the tracks. The mini-pipes are brought to a ballast drain or an open ditch.

A Canadian National Railways project located in Quebec in 2016, required two
tracks to be drained into either an open ditch or a ballast drain installed iapgirix
1 meter (3 ft.) below track level. Without a proper drainage sygietantial drainage
problems and a shortened life for the ballast would occur. The multi-livagrage
geocomposite was placed directly under the ballast (Fig. 10). The mini-pipies in
product had a spacing of 0.25 m (10 in.) center to center.

DRAIN TUBE AFITEX-TEXEL (FT4 D20) I
OU EQUIV. ) RAIL, RAILROAD TIE
AND BALLAST

), 3m min.

COLLECTOR DRAIN

Fig. 10. Typical cross-section

5.2  Completion of works

The multi-linear drainage geocompositasunrolled perpendicular to the tracks di-
rectly on the MG-56 subgrade soil (Fig. 11). After which the ballast was installed in
two layers of 150 mm (6 in.) each (Fig. 12).

The product was designed to have the ability to evacuate rainfall of 661 mm/day
with the mini-pipes staying unsaturated [10]. The 100 years return paiiddll in
Quebec is 156 mm/day. €hirainage capacity of the drainage geocompadsiteore
than 4 times greater than what is required, taking into account the long temmlityd
behavior of the geocomposite under the critical conditions of the application.
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Fig. 12. Backfilling of the product with ballast

5.3 Laboratory study

Using a 2.5 m (8 ft.) long and 2 (6-1/2 ft.) wide inclinable open box with rainfall
simulator on top (ig. 13), itwasshown that multi-linear drainage geocomposite Drain-
tube enables rainfall to evacuate faster than a homogeneous drainage layer (Fig. 14)
[11]. Due to the directional aspect of the product, the water is indeed drainédento
direction of the mini-pipes even in the situations when the slope is zero.

That behavior is significant for low slopes, where the rainfall water mustadweie
ated rapidly before building up into the overlying layer or infiltrating ineogthbgrade.
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Fig. 13. Inclinable open box with rainfall simulator
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Fig. 14. Drainage response time Drain Tube vs granular layer

6 Conclusion

Multi-linear drainage geocomposites have been used successfully on ntamogda
projects and more especially on railways construction projects. Dependingmn-the
ject and the design consideration, it is used either for drainage under erebésknd
subsurface drainage on cut slopes as a replacement of the granulasréyedsainage
improvement under railway tracks.

Its main useful characteristics, on an installation point of view, are its flexiaild
robustness. Other advantages include its long term remaining drainage cavacity,
under high loads, and its faster response time compared to a honogkamage
layer. All this makes the Drain Tube geocomposite efficient and safe, given itsetesig
performances.
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