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RESEARCH ARTICLE Road and railway stabilization is the use of geosynthetic reinforcing elements to strengthen
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Accepted: December: 15. 2020 design life of highways and railway construction structures in applications such as geogrids,
isey'\:\;?trds: roads, railways, airports and other earthworks with poor ground strength. Geosynthetics
Gezsynfhetic, offer a much higher value than traditional road_ construction proplucts and the fast, s_imple
Road Construction, installation process greatly reduces the construction process. On highways, geosyn_thetlcs are
Railway Stabilization. placed on the weak base floor before the geosynthetic granular substrate is placed.
Corresponding Author: Geosynthetics protect the structural integrity of the slab and prevent the granular sub-base
“E-mail: obayraktar @kastamonu.edu.tr material from slipping into the weak substrate. The use of geosynthetics extends the
maintenance requirement of the flooring that is built on a weak floor.
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Anahtar Kelimeler: Karayolu ve demiryolu stabilizasyonu, asfaltl veya asfaltsiz arag yollarinin ve rayli
Asfalt, sistemlerin yapiminda ¢ok yumusak, zayif zeminde ¢aligmak ve zemini giiclendirmek i¢in

Geos_,entetik,
Yol Insaati,
Demiryolu Stabilizasyonu.

geosentetik takviye elemanlarmin kullanilmasidir. Geosentetikler, geogridler, yollar,
demiryollar1, havaalanlar1 ve zemin dayanimi zayif olan diger toprak isleri gibi
uygulamalarda otoyollarin ve demiryolu insaat yapilarinin performansini ve tasarim dmriinii
artirir. Geosentetikler, geleneksel yol yapim {irlinlerinden ¢ok daha yiiksek bir deger sunar
ve hizli, basit kurulum siireci ile ingaat siirecini biiyiik 6lgiide azaltir. Karayollarinda,
geosentetik graniiler alt tabaka yerlestirilmeden once zayif taban zemine geosentetikler
yerlestirilir. Geosentetikler, levhanin yapisal biitiinligiinii korur ve graniiler alt taban
malzemesinin zayif alt tabakaya kaymasmi Onler. Geosentetik kullanimi, zayif bir zemin
iizerine insa edilen désemenin bakim ihtiyacini artirir.

1. Introduction

Geosynthetic materials are widely used in many civil engineering fields, especially geotechnical engineering.
Synthetic fiber, which is the raw material of geotextile, was produced from PVC (polyvinyl chloride) in the
beginning of 1900s and since the mid-1960s, non-woven fabrics were manufactured as fabrication. The first known
geosynthetic material application was synthetic woven fabrics (geotextiles) used in Florida USA for the control of
coastal erosion in 1958 and it is seen that this geotextile material application still continues its duty [1].

In the following years, the usage of geosynthetics has increased rapidly in other fields of civil engineering such
as geotechnics with the expansion of the usage area of geotextile products with different functions and the creation
of geomembrane, geogrid and geocomposite products [2].
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The ability of these polymer-based products to be produced by adapting them according to their needs, their
lightweight structures with ease of transportation and being easy-to-use materials compared to other building
materials play an important role in the expansion of their usage areas [3].

According to the definition of ASTM, Geosynthetics are polymeric planar products that are used in conjunction
with a soil, rock, soil or other Geotechnical engineering material as part of a construction project, structure or
system. Although the first known application of geosynthetic materials in the field of civil engineering has been
seen in the field of geotechnical engineering with the application of soil improvement with geotextile material, its
usage has become widespread due to different manufacturing types and application possibilities and it is used in
almost all fields of civil engineering today [4].

According to production types; geosynthetics, including geotextiles, geogrids, geomembranes, geonets,
geocomposites, and geosynthetic clay coatings and some other products are included with conventional materials
known in applications [5].

2. Geosynthetics

Geosynthetic materials are used in civil engineering projects for many purposes including separation, drainage,
strengthening and filtering. In order to replace these materials with alternative materials, gaining advantages in
terms of material quality control, manufacturing quality control, cost advantages, technical superiority, shortening
of construction time, material development, material availability and environmental sensitivity play an important
role [6,7].

Table 1. Functions of geosynthetic materials (Hayden and friends, 1999)

Function Geotextile Geogrid Geomemb Geocomp
rane osite

Filtering N \
Drainage N \
Separatio N

n
Strengthe N N

ning
Insulation N \

ASTM defines a geotextile as a permeable textile product used as a part of a construction project, structure or
system in combination with soil, rock, soil or other Geotechnical engineering material [8].

Geotextile materials are mainly made of polyester (PES), polypropylene (PP) or polyethylene (PE-HD). It is
found in the form of felt mats, either as geocafes or as combined materials. Felt materials are obtained by
mechanical, thermal or chemical stabilization of superficially superimposed fibers or endless fibers.

* Mechanically reinforced matting mats are obtained by needling method. In this method, the eared needles are
immersed in the fiber mat to be compressed and withdrawn again, thereby ensuring that the fiber systems are
wound together. The mechanically reinforced felt-like material becomes soft, easy to shape and is bulky [9,10].

 The thermally stabilized felt material is usually bonded by heating under pressure. The fibers have a low
melting sheath and a fusion occurs at the overlapping points.

* Chemically stiffening felt material is obtained by wetting with a bonding material which hardens by heat
treatment. A solid bond occurs where the fibers come into contact with each other. Therefore, the chemically
hardened material becomes very hard.

This felt-like material (geotextile) is water permeable and generally has the ability to stretch. The tissue consists
of fibers arranged perpendicular to each other. They are separated from each other by the type and type of fibers
[11].

Medium, bad and especially very bad infrastructures can be improved with Geotextile application. Geotextiles
are permeable geosynthetics containing synthetic polypropylene or polyester fibers with a thickness of 0.4-3 mm
and a weight of 70-350 gr. Geosynthetics are studied in two different classes according to their structure; [12,13]
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* Woven Geotextile, perpendicular to the fiber layer

» Nonwoven geotextile materials with isotropic behavior where fibers are randomly distributed. These flexible
geosynthetic materials with high deformation properties,

* Separating the layers of granular material,

* Strengthening the ground by increasing the contact surface on the ground with insufficient mechanical
strength,

* Filter with small cavity structure,

» Water permeable structure is used to provide drainage [14].

3. Functions of Geosynthetics

Geotextiles are widely used in many fields of the construction sector with their hollow, partially durable
structure and easy to use functionalities [15].

When designing the geotextiles in construction structures, six functions of geotextiles are taken into
consideration. Geosynthetics with raw cavity structure; They are used with separation, filtering, drainage,
protection and strengthening functions, and they are also used with insulation function by saturating the hollow
structure.

Separation function: When the geotextile is placed on the interface of fine-grained ground and coarse ground, it
acts as a separation. Thus, it prevents the mixture of materials to be formed due to dynamic or static load coming
from the superstructure. As a result of their continuity, flexibility, deformability, permeability and high tensile
strength, geotextiles distinguish between two floors with different geotechnical properties without interfering with
the natural circulation of water [16,17].

In addition to these functions, when geotextile materials are used for separation purposes; [18]

« Increases the service life and carrying capacity of the roads as it prevents the movement of fine-grained soils
under dynamic loads and allows the drainage of excess water,

* Ensures continuity even in weather conditions where construction can stop, as it prevents mixing of quality
material and fine-grained ground,

* Using less aggregate in the filling and infrastructure works of road and railway constructions and providing
better compaction,

It provides many functions by itself by performing its functions [19].

Filtration function: The geotextile acts as a filter, allowing water to pass through, but still holds the smallest
grain diameter floor and does not allow it to drift. Geotextile is placed against water flow. It is desirable that the
geotextile to be used in filtration work should have suitable maximum pore opening, sufficient water permeability,
less impact from compression and high porosity [20].

After the placement of the geotextile, some fine-grained soil is carried along with the water in the soil. This
material carried in the first stage must pass through Geotextile material. Thus, a layer is formed against the
geotextile without fine-grained material. This naturally acts as a screened filter layer to prevent the movement of
small particles towards the Geotextile. If these fine grains are retained within the Geotextile, a less permeable layer
is formed and the flow of water is prevented. In order not to interfere with the flow of water and to prevent the
formation of pore pressure, the permeability of the geotextile should be at least the permeability of the ground.
Considering the risk of clogging and the compression of the geotextile into an impermeable structure, the safety
factor is taken as 10 or 100 in the construction of important dam structures [21].

Drainage function: The geotextile transports liquid or gas along its plane to the desired outlet. During this
transmission, the liquid or gas is collected in the Geotextile and transferred in its own plane. Geotextiles are more
permeable than ground. Especially when they are porous and sufficient slope is achieved, water flow can be
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provided in their planes. Therefore, it is useful to use in constructions such as tunnels, vertical drains, reservoir
pavements and foundation walls where water must be drained [22].

Geotextile materials to be used for drainage should have high permeability, high resistance against pressure and
good filter properties in their plane.

Strengthening function: It is the spreading of point loads over a wide area evenly and strengthening the floor
mass by resisting the tensile forces formed.

Unlike floors, Geotextile materials have tensile strength. By joining the soil structure, they increase the tensile
strength and deformation ability before breaking and provide strengthening of the soil. Thanks to reinforcement,
significant material savings can be achieved by reducing or eliminating the need for aggregate material to be used
for reinforcement in road constructions on soft floors [23].

Protection function: Geotextile materials protect the desired material by spreading it over a larger area by
reducing the deformation and stress by placing it around the ground layer or the structural element or contact
surface where it is required. For example; The geotextile material placed between the asphalt pavement and the old
road pavement or between the geomembrane and the concrete surface for which waterproofing is required, protects
the materials between which it is placed against deformation such as puncture and tearing.

Insulation function: The geotextile material is saturated with bitumen or plastic insulating materials to form an
impermeable layer to provide a structure that will act as a kind of geomembrane. Geotextile materials are used with
insulation function, especially by laying on the old road pavement on the roads to be renewed. The geotextile to be
used with the insulation function must be capable of retaining a sufficient amount of bitumen in order to achieve an
impermeable structure [24].

4, Usage areas of Geosynthetics

Geotextile materials have a wide range of applications. However, if the main titles are to be examined,
geotextile materials are used on the basis of separation, filtering, drainage, strengthening, protection and insulation
functions [25].

The main task of geotextile materials is to help reduce stresses and deformations, and to increase the bearing
capacity and prolong the life of the added layers. Geo synthetic material is used between the existing floor and
platform or frost protection layer. It is placed on the compacted platform and covered with a protective material.
Geotextile material is used to prevent irregular settlements by regularly distributing both static and dynamic effects
to the ground in highways and railways. In this case, geotextile materials are under the influence of both hydraulic
and mechanical formations and should also prevent the pumping of fine materials into coarser top sheets [26].

Geotextile materials are thermally bonded or pinned felt mats or cages made of non-decaying synthetic material
fibers. The lower the bearing capacity of the floor, the more heavy the felt must be used. The thermally stabilized
geotextiles have a weight of about 100-200 g/m? and the needled ones weigh about twice that. The application of
geotextile materials can be done mechanically during platform correction. In this way, since no additional work is
required for the application of geotextile material, initial construction costs are very low, after the application will
reduce the maintenance and renewal costs in the region and frost damage is seen as an economic advantage [27].

5. Geosynthetics in road construction

Geosynthetics have an assortment of employments from disintegration control to bank fortification to improved
subsurface seepage. One of the most widely recognized uses, in any case, is in road construction, especially
impermanent roads, for example, construction roads, get to roads and woods ways. These are the advantages of
utilizing geosynthetics for these applications. Geotextile to the road infrastructure in Figure 1 thanks to the
separation function when applied the layers are prevented from mixing with each other [28].
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Figure 1. Geosynthetics in road construction

Bearing limit:

For building the two roads and parking garages, it's significant subgrade is steady with adequate bearing limit.
By utilizing geogrids between the subsoil and base course, bearing limit is expanded. The interlocking of the spread
soil with the geogrid gives level power move, which serves to expand bearing limit and, by and large, take into
consideration base course thickness to be decreased. This strategy additionally makes costly soil trade superfluous
[29].

Rutting:

One of the essential concerns when building unpaved roads on delicate subsoil is rutting and between blending
of spread material into the subsoil. By improving burden circulation, geogrids serve to limit both rutting and soil
intermixing. A particular task's necessities will direct the determinations of the geogrid required [30].

Power extension:

Low extension qualities of a geogrid are required for a fruitful fortification application. In numerous tasks,
power assimilation at stretching requires an item with between 2-percent and 5-percent limit. For all the more
requesting applications, items with up to 8-percent extension at break are accessible [31].

Establishment power:

At long last, it's essential to consider a geogrid's protection from establishment loads. High unique anxieties can
negatively affect support while introducing and compacting spread soils and base course materials. To withstand
this pressure, a geogrid ought to have thick, solid support bars [32].

Utilizing geosynthetics gives a more financially perceptive and productive technique than numerous options in
an assortment of utilizations. To find out additional, or to discover the geosynthetics required for your next
undertaking, come see us at Maxwell Supply of Tulsa.

6. Conclusion

Geosynthetic materials, which started to be used in the field of geotechnical engineering with the fabrication of
geotextile materials in the 1960s, are now widely used in many fields of civil engineering, including road
structures. In road engineering, geosynthetic materials are involved in forming drainage structures, separating
different layers, preventing irregular settlements, providing waterproofing, protection of products providing
waterproofing and strengthening of road infrastructure and superstructure layers.

As in the world, the use of geotextile and geomembrane materials in road engineering is widely seen in our
country and different applications are frequently encountered according to the functions of these materials.
However, as it can be seen in the researches, although it has been seen that there are many applications around the
world to improve the road line stabilization by using geogrid material and to decrease the ballast and sub-ballast
layer thicknesses, there is no known application in this regard in our country yet.
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