Transportation Overview - Przedl Komunikacyjny 8-9/2022

Remigiusz Duszy ski
drin .
Politechnika Gdaska
rdusz@pg.edu.pl
DOI: 10.35117/A_ ENG_22 08 09 05

Protection of under ballast mats against damage Du® loads from railroad tracks

Abstract: The paper presents the application of geogridé witiform radial stiffness in
subgrade structures in the function of protectingar ballast mats from damage caused by
the railroad superstructure. The importance ofstiilizing function as a key mechanism of
cooperation between geogrid and aggregate was gabiatit, affecting the increase of
subgrade bearing capacity, extension of ballast #hd ensuring the required operating
parameters of the ballast placed on anti-vibratnats.

Keywords: Mechanical stabilization; Hexagonal geogrids; Unéallast mats; Railway
trackbed

Introduction

The use of under ballast mats is becoming morenam@ common. There are mats available
on the market made of polyurethane, mineral wootl eubber granulate combined with a
polyurethane binder. Manufacturers declare forthmducts effective damping of vibrations,

low coefficient of dynamic stiffness, as well axneasing the durability of the surface.

However, the declared advantages are closely celatdhe type of railroad construction.

While in the case of under-slab mats there arerticat factors that may lead to damage to
the mats in a short time, sub-ballast mats usethaltasted surfaces are subject to the
destructive impact of the crushed stone placedhem surface.

In many research centers, works are carried ou¢ciat evaluating the durability of
sub-ballast mats used in the construction of railaaperstructures. The results of durability
tests under ballast mats used in North Americapeesented in [8]. At the same time,
research is being carried out to assess the plitysdiusing geosynthetics in the function of
protecting sub-ballast mats against damage causedritact with sharp edges of the ballast,
which undergoes displacement as a result of laaas frain traffic.

The use of geogrids in the stabilization functiond protect sub-ballast mats

The use of geosynthetics in construction is culyesdmmon, mainly due to the significant
benefits that result from the use of these materialwide spectrum of applications includes
the following functions: drainage, filtration, amosion, reinforcement, and stabilization.
The stabilization function, defined in the EOTA (Bpean Organization for Technical
Approvals) report [4], means the improvement ofraggte strength parameters by limiting
displacements under load [5]. The stabilizationcfion has also been recognized by ISO
(International Organization for Standardization) aese of the distinct functions of
geosynthetics. The definition of stabilization wg@osynthetics was introduced in the PN-EN
ISO 10318 standard [10].

Due to the interlocking of the aggregate grainshe meshes of the geogrid and the
wedging of subsequent grains in the constrainedrlay interlocking grains, the increased
load resistance is achieved and the displacemeniedfcrushed stone layer subjected to
cyclical dynamic loads from train traffic is limdeln the case of railway trackbeds, the use of
geogrids with rigid nodes and uniform radial st#és, often called hexagonal geogrids, is of
particular importance in improving the load-beariogpacity of weak subsoil layers,
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increasing durability and limiting deformation ofallast layers, and ensuring proper
performance of ballast topping placed on undersalnats.

Aggregate stabilization with geogrid
The combination of geogrid and aggregate creategchanically stabilized composite layer
with significantly better properties and greatemdecarrying capacity compared to the
aggregate layer alone.

The mechanism of cooperation of both materials arasyzed by Lees and Clausen
[7] in triaxial studies, in a specially designediduilt apparatus with a diameter of 50 cm and
a height of 100 cm. Thanks to such dimensions,a$ wossible to use crushed stone in the
tests, the granularity index of which was Cu=23iabde diameters d60=8mm and,g-40
mm, and the degree of compactign0,95. The tests were carried out both for the aggiee
itself as well as for the aggregate and triaxiabgyel placed in the middle of the sample
height. The diagrams of the stress deviator q wetee mean axial straig, presented in
Figurel show the increased maximum shear strength irstailized with a geogrid for each
of the three values of the applied compressivesstre

- --- bezgeorusztu = —— zgeorusztem
600 -

500 A

- - e .
- -

c’; =78 kPa

400
300{ f f7770 7
200 { AT e

100 A

Dewiator naprezenia q [kPa]

0 0,02 0,04 006 008 0,1 0,12
Odksztatcenie ¢,

1. Mechanical stabilization effect
Source: [7]

The increase in the shear strength of the samalgliged with geogrid results from
the reduction of displacements and rotations ofatpgregate grains. It is also worth noting
the higher value of deformation of the stabilizggr@gate, at which destruction occurs. The
shearing of the aggregate-only sample occurredpatoaimately 4-5% strain, while a
significant reduction in the shear strength of teogrid-stabilized sample was noted at
approximately 10% strain.

Since the maximum limit of aggregate displacemmturs directly in the geogrid
arrangement plane and decreases with the distaocethis plane, it was assumed that the
failure envelope changes linearly from the maximuatue in the geogrid plane to the
minimum value at the distan&y, where the destruction area is assumed as fagpeegate
without stabilization (Fig2).

As a result of the conducted research, Lees aads€h developed a linearly elastic,
perfectly plastic constitutive model of the geocasife (aggregate + geogrid) used in FEM
numerical analyzes in the Plaxis 2D 2018 prograimme Teliability of the model and the
accuracy of determining the failure stresses wenditned in the back analysis.
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2. Envelope of failure of the aggregate stabilizethvai hexagonal geogrid
Source: [7]

Research on the impact of geogrid on the aggregapeoperties in the railway trackbed

A research program was carried out at the UniwerditPennsylvania in the USA, aimed at

determining the impact of geogrids on the aggregateallast surfaces [9]. On the model

stand, the impact of cyclical dynamic loads frora gassage of trains on the behavior of the
aggregate without stabilization and with stabilizatusing a biaxial and hexagonal geogrid,
placed 25 cm below the upper layer of the ballast, lvas tested.

To monitor the movement of aggregate grains, "SRak” (Fig.3) was used - lumps
of aggregate formed by 3D printing, equipped witineless sensors recording the position,
rotation, and displacement of the element in sp&he. measured parameters were recorded
with a frequency of 500 Hz.

"SmartRock"” was installed on a test stand in actire simulating a railway
superstructure. The structure consisting of a laye25 cm thick crushed stone was loaded
cyclically with a frequency of 1 Hz. The tests weegried out on the control section - without
the geogrid and the section reinforced with hexagjgeogrid. The geogrid was placed at the
bottom of the aggregate layer, and the SmartRotkedevel of 10 cm above the geogrid.

3. "SmartRock" research (SmartRock lumps on theﬂeﬁearch station on the right)
Source: [9]

Figure4 shows the vertical displacement of the top layebalfast depending on the
number of load cycles. In both tests, the displag@nincreased with the number of load
cycles, however, for the test without the geogtite amount of vertical displacement
increased rapidly in the first 10 load cycles, watlmaximum measured displacement of 30
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mm. In the case of the test with the geogrid, th@dase in the amount of settlement was
slower, and the maximum displacement was 4 mm, adted 500 load cycles it was 85%
lower than the displacement measured in the tebbwi the geogrid.

The analysis of the results confirmed the impdcimechanical stabilization with a
hexagonal geogrid on a significant reduction irpdisement and rotation of aggregate grains
in the ballast bed layer. FiguBeshows the size of displacements and rotationsrargRock
lumps in the test without geogrid and with triaxgegogrid. The rotation acceleration in the
geogrid stabilized section was approximately 2gadhroughout the test, while in the control
section where no geogrid was used, the initial @abas approximately 4 rad/and increased
to 30 rad/$as the number of cycles increased loads.
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Figure6 shows the displacements of SmartRock lumps d@thload cycles in tests
without and with geogrid. It is noticeable that thteserved grain moves away from the initial
location with the increase in the number of loactley, which indicates a significant
loosening of the ballast layer in the section withieexagonal geogrid stabilization.

Przemieszczenia ziaren kruszywa

Ir q 1r .

BEZ GEORUSZTU , @ Z GEORUSZTEM ®)

;J|

i

-0.5

Przyspieszenie liniowe [m/s?]
Przyspieszenie liniowe [m/s?]

=====ACC X
-1

0 100 200 300 400 500 600 0 100 200 300 400 500 600
Cykle obciazenia Cykle obcigzenia



Transportation Overview - Przedl Komunikacyjny 8-9/2022

Obroty ziaren kruszywa

. 40

BEZGEORUSZTU  § © Z GEORUSZTEM ®

Przyspieszenie katowe [rad/s?]
Przyspieszenie katowe [rad/s?]

-=-=-AngularAcc x = NI't'Huew + &~ T - "~ Angular Acc_x

G0 == Angular Acc_y ! 30 ----- Angular Acc_y

Tl e Angular Acc_z " T e Angular Acc_z

40 Lo - T e e SIS B -

0 100 200 300 400 500 600 0 100 200 300 400 500 600
Cykle obciazenia Cykle obcigzenia
5. Displacements and rotations of SmartRock graimstdwcyclic loads
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6. Displacements of SmartRock grains in a layer daba(upper without stabilization, lower
with TriAx geogrid stabilization)
Source: [9]

The use of geogrids for aggregate stabilization irailway engineering
Aggregate stabilization function using geogridshwiiniform radial stiffness can be used in
railway trackbed construction in three possible svay

protective layer stabilization,

obalast stabilization,

ballast on under ballast mats stabilization.

Stabilization of the protective layer

Stabilization of the protective layer is related ttee presence of soils with unfavorable

geotechnical parameters in the subgrade. The ugeagrid allows to increase the bearing

capacity of the substrate under the structure aetluce the thickness of the aggregate in
relation to the thickness without geogrid whileabing the same load-bearing parameters on
top of the protective layer. The aforementioneduotidn in thickness can reach up to 50%,
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but each time it requires individual analysis. Wtk very poor load-bearing capacity of soils
in the subgrade, it may be necessary to use <afodn in a multi-layer system. The
schematic location of the geogrid to stabilizepghatective layer is shown in Figure
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7. The use of geogrid to stabilize the protectiveetagingle layer on the left, multilayer on
the right

Ballast bed stabilization

The use of geogrids to stabilize the ballast lagduces the displacement of the aggregate and
thus reduces its degradation as a result of theacmpf cyclical dynamic loads. Greater
stiffness of the ballast layer reduces the ratgrofvth of its deformation and, consequently,
the reduction of deformations (plastic deformati@ccurring in the protective layer. In
general, this deformation is manifested by irregslzbsidence of the track and deterioration
of its geometry in the plan.

Research on the impact of geogrids on the reduatiosubsidence and thus the
necessary maintenance procedures was carried dbe dtniversity of Nottingham (Great
Britain). The analysis of the results [2] showsimaerease in the number of load cycles by a
factor of 2.5 after the use of geogrid. An exangdlesing a geogrid to stabilize a ballast bed
is shown in Figure.
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8. The use of geogrid for ballast bed stabilization

Stabilization of ballast on under ballast mats

obtaining the right operating parameters for th#dabt bed laid on under ballast mats.
Absorption of vibrations requires the use of maierthat are characterized by relatively low
static and dynamic stiffness, which directly affethe cooperation with the crushed stone.
The results of tests carried out by British Rarggented, among others, in [1], indicate a
significant reduction in the deformation of the lasl layer and track displacements in
sections where under ballast mats were used isubgrade.
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9. The use of geogrid for ballast stabilization odemballast mats

Examples of using geogrids for railway trackbed stailization

The use of geogrids with uniform radial stiffnegsstabilize the aggregate in the construction
of railway trackbeds is often used in the constomctand modernization of railway lines
around the world. National experiences in thisdfiate equally interesting. Three selected
projects from Poland are discussed below.

LK E65 Gdynia Warsaw
The modernization of the E65 line was carried aut2012-2014 [3]. Based on the
geotechnical expertise in the area of LCS G#aon the route Pruszcz Gaki - Gdask
Po udniowy, locally unfavorable soil conditions wdound in the form of peat up to 4.5 m
thick in the subgrade. The existing embankment lwel$ of sandy soils with an admixture of
dust. The requirements for the protective layeumaesl carrying it directly under the layer of
ballast to the bearing capacity E220 MPa, while the existing subsoil was charazéeriby a
secondary deformation modulus E25 MPa. As a result of the calculations, a stmectumith
a total thickness of 50 cm was adopted, which ctediof:

separation and filtration geotextile,

triaxial geogrid,

a layer of broken aggregate 0/31.5, 25 cm thick,

triaxial geogrid,

a layer of broken aggregate 0/31.5, 25 cm thick.
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10. Laying the first layer of triaxial geogrid durirtige modernization of the E65 line in the
area of LCS Gdask

LK 273 Zielona Gora - Niedoradz

During the modernization of LK 273 on the G og6wielona Gora - Rzepin - Dolna Odra
section, Zielona Goéra-Niedoradz section, carriedim2017-2018, the problem was cohesive
soils in the form of silty loams and loamy sandsha subgrade under the existing railway
superstructure plastic and soft plastic. The uséexagonal geogrid to stabilize the upper
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protective layer made of unsorted stone with arlélyekness of 35 cm allowed obtaining the
required load capacity values determined by therd&ition modulus E2 110 MPa and
density E2/E1 2.2 [3].

11. Stabilization of the protective layer during thedernization of the LK 273 line

Central Railroad

In 2008, on the test section of the Central Railwéain Line near the town of Psary, on a
section with a length of about 800 m, the pavemsamtcture shown in FigurE2 was made. It
consisted of a composite layer of crushed stori®lizied with geogrids and locally stabilized
with a special binder made on the basis of poljiamet resins developed in the Department of
Transport Infrastructure of the Faculty of Transmdrthe Warsaw University of Technology
[6]). It was an innovative solution consisting imcieasing the resistance to the
deconsolidation of the ballast layer in areas eggdd® intense vibrations. The works were
carried out using the AHM machine (Fig).

12. Test surface with a composite ballast [6]
1 — lower layer of compacted crushed stone, 2 eufgyer of compacted crushed stone,
3 - compacted layer of crushed stone in which thektframe is embedded,
3 — layer of chemically stabilized crushed stone,geogrids
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13. Laying Tensar TriAx geogrid with AHM

During the test period, the track carried a load®®6 Tg, i.e. insignificant in relation
to the load that this surface can carry over théreemperiod of operation. Based on the
obtained results, the authors of the research agdadl that the resistance of the pavement
with a composite crushed stone is higher by ab@d 3n relation to the pavement used
without the composite [6].

The tests also showed that the pavement with th@sbaomposite is characterized by
lower synthetic track condition indicators compatedhe conventional track, which is also
confirmed by the results of the assessment ofcadréind horizontal deformations.

Summary

More and more frequent use of under ballast matailway structures, especially in ballast
surfaces, which are made of aggregates productteiprocess of crushing hard rocks such
as basalt, syenite, or dolomite, imposes additioeglirements in terms of protecting the
mats against the destructive action of sharp edfyesished stone.

As a result of the action of cyclical dynamic loatte ballast grains move and rotate,
causing damage to the sub-ballast mats, which ey to their complete degradation. The
use of ballast stabilization with a multi-directadngeogrid significantly reduces the
displacement of the ballast, and thus extends timabdity of the pavement and the under
ballast mats built into it. The results of modedtseand measurements on a natural scale
confirmed that the use of geogrids with uniformiahdstiffness in the railway trackbed
structure increases the bearing capacity of thgraule, extends the durability of the ballast,
and ensures the required operational parameténe dfallast laid on under ballast mats.
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