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SPECIAL LABORATORY TESTING METHOD FOR EVALUATION
PARTICLE BREAKAGE OF RAILWAY BALLAST MATERIAL

Purpose. There are special, standardized laboratory test methods to evaluate railway ballast particle breakage;
they are the Los Angeles and the Micro-Deval abrasion test. The authors opine that these methods aren’t the most
adequate methods to assess the real ballast particle degradation because in reality never occurs these kinds of stress-
es and strains (i.e. particles in a rotating drum with or without steel balls and with or without water). A new labora-
tory test procedure is needed. The authors attempted to configure an adequate one in 2014, it is detailed in the paper,
as well as the initial results and improvement possibility. This test method is related to dynamic pulsating test, the
particle size distributions (PSD) had to be determined before and after fatigue. In 2017-2018 the research is support-
ed by UNKP-17-4 program. Methodology. Multi-level steel box is utilized with a special layer structure, detailed in
the paper. Five different types of railway ballast samples were tested. PSDs were defined, and regarding to the re-
sults relationship between ballast particle degradation values (according to Los Angeles and Micro-Deval abrasion
tests, as well as this newly developed laboratory test method) was searched, as well as time interval between neces-
sity railway ballast cleaning work was also calculated. Findings. The authors sentenced the results regarding to the
self-developed laboratory test method that is able to assess the particle degradation and time interval between rail-
way ballast cleaning work more precisely related to the real railway operation circumstances. Relationship was de-
termined between particle breakage according to standardized and unique (non-standardized) laboratory test meth-
ods. Originality. The paper summarized the results a newly developed laboratory test method for evaluation of the
degradation of railway ballast particles. Practical value. It sentenced the possibility to improve the measurements
and assessments regarding to the research phase supported by the UNKP-17-4 project.

Keywords: railway ballast; particle degradation; particle breakage; special laboratory test method; dynamic fa-
tigue test

c)its texture ensures the relative simple geo-
Purpose metrical correction: either with manual or heavy
machines; the track geometry will be long-lasting;

The biggest part of railways in the world (ap- in case of obligation the ballast material is able to

proximately 98.8% that is circa 1.1 million kilome-

tre) has normal ballast bedded superstructure [59], be rgc_y cled, dampi f h be Ui
in this way the usage, mechanical bearing, as well ble h)iétrf energy damping perform has to be suita-

as long lifetime of railway ballast material has to
be handled with specific attention in the considera-
tion of following viewpoints [49]:

a) ballast bed solidly but flexibly supports ver-
tically the railway track, this layer assures the rele-
vant part of the longitudinal and transversal sup-
port with the help of friction and passive earth
pressure, all of these parameters affects the geo-
metrical and structural stability of the whole rail-
way track,

b)ballast bed assures the rapid flowing through
of water (i.e. precipitation) in the track and ballast
bed, relieving the rapid drainage,

e)it has to decrease the stress from the ties’
lower surface with prescribed volume in the ac-
cordance of the stress limit of subsoil.

Ballast bed material should have various tex-
tural parameters considering the above detailed
points, they are the followings without the re-
quirement of fullness:

i) it has to have continuous grading (PSD) ac-
cording to point a) because this texture is able to
guarantee the most excellent ability for compac-
tion, thus proportionately maximal load bearing
capacity,
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if)it has to have uniform grading according to
points b) and d) because the proportionately lot of
void between grains guarantees the rapid flowing
through of water in the structure, as well as the
larger energy damping [60],

iii) it has to contain sharp edge grains according
to points a) and c) because the largest inner particle
friction is able to be expanded, thus durable track
geometry (e.g. against vertical deformation) is able
to be obtained,

iv) grains with less deterioration (breakage)
characteristics have to be applied according to
point b), it can be obtained by usage of railway
ballast with low Los Angeles and Micro-Deval
abrasion values, or by recycled ballast material
(perchance by rounded grain material, i.e. river
grains) [16, 46],

v) it has to have required and adequate layer
width.

In search of relationship between above aspects
i) to v), the problem will be evident: using of only
granular materials (i.e. without chemicals and geo-
synthetics [19]) isn’t able to be perfect because ei-
ther of the base roles and requirements (points a) to
e) above) will be influenced, thus ballast bed is
able to be constructed regarding to these points. It
has to be noticed that bitumen stabilised ballast
material is also able to be applied [13].

The railway construction and maintenance pro-
fession generally prefers the technique below for
railway ballast [49]:

1)it is rather from deep magmatic base rock
(perchance sandy gravel or slag in secondary rail-
way lines),

2)it should be made of high strength and frost-
proof material,

3)it should have sharp edge, cubic grains with-
out cohesion texture,

4)it should contain proportionately low fine
particles and fines.

It should be contemplated that long-lasting
railway track geometry depends on contamination
of ballast material (it is 76% from grain degrada-
tion, 13% from underlying coarse-grained layer
[52, 54]). The deteriorated fine particles and fines
in the ballast bed effect seepage of the track, it also
responds on geometric stability of track (i.e. on en-
durance of track geometry). It is obvious that deg-
radation of ballast grains can be developed:

— the homogenous stress distribution in the in-
terface of bottom surface of tie and ballast bed, as

well as in the interaction of ballast grains is not ac-
curate at the dimensioning and design of track lay-
er structure and structural elements [25],

— grains aren’t loaded by static impacts but dy-
namic, repeating-pulsating (more million loading
cycles) impacts during railway operation, which
stress can be developed jerk-like stress (e.g. in case
of failures of rail ends, welts) and it is able to attain
the plurality of static stresses [31, 34]. It is able to
quicken the deterioration process [44],

— in real circumstances there are very large
stresses in the interface of ties and ballast grains,
including between grains that raises the degrada-
tion of grains [25],

— the contact stresses noticed above is able to
be reducted by using of e.g. under sleeper pads, or
PU foam or bitumen stabilised railway ballast [13].

In this article the authors present the quasi
newest international research results linked to rail-
way ballast grain deterioration, afterwards it the
laboratory tests’ results are detailed which tests are
performed in 2014 at SIU, Gy6r [20, 21] that pro-
vided motivation and research basis for the contin-
uance of the research in 2017 and 2018, as well.
Research plans are indicated that is able to consid-
er as the fulfilment and improvement of the re-
search executed in 2014.

The authors specify why the now utilized,
standardised railway ballast grain abrasion tests
should be examined and modified, and they sug-
gest introduction of other, different laboratory test
methods.

In the European Union’s 2014-2020 Programme
Hungarian railway construction and rehabilitation
projects is able to be financed by more than thou-
sand billion Hungarian Forints [57], from which
support important railway projects can be per-
formed. The very necessary part of these projects is
the ballast that is the heaviest component of super-
structure. In nowadays practice it is obvious aspect
that required quality ballast [9, 14, 35, 36, 39-43,
47,52, 58] is achievable in prescribed quantity.

In the followings the authors cite those criteri-
ons because of that the future view is more shad-
owed, and which are prescribed that special rock
physics tests (Los Angeles and Micro-Deval abra-
sion tests) are highly suggested with more real
loading conditions than the standardised tests con-
sidering available stone-rock qualities’ limits.

The particles’ original — base rock-dependent —
abrasion characteristics are able to be hardly al-
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tered by technology procedures, these principally
depends on «aggregate wealth» and rocks’ me-
chanical properties. In professional conferences
more and more presentations are made about that
environmental, nature-reservational, heritage-
protective, etc. regulations hitting the stone-mining
industry aggravated year by year generally mean
such restrictions [35, 36] on the access of the natu-
ral «asset» that may lead to complications in base
material supply and increasing quality risk on the
medium term.

The authors assume that it a base issue that the
ability for ballast material is worldwide required
the Los Angeles and Micro-Deval abrasion tests
[39, 40] in the railway ballast product standard
[43]. These kind of laboratory tests can’t simulate
the real developed stresses of ballast (it should be
noticed that in case of e.g. asphalt and concrete
road pavements’ «stone truss» [2, 27, 28] these la-
boratory tests are not the best choice). For the ob-
jective decision of conformability special laborato-
ry degradation test should be utilized that consider
the operation conditions and stresses in more real
manner.

Afterwards the international literature review,
own, unique solution for a special laboratory test
procedure (method) are represented that can simu-
late the stresses in more realistic method. The re-
sults are comparable to the standardised abrasion
tests [39, 40], the abrasion qualifying properties
utilized worldwide [23, 25, 32], including required
cycle of ballast screening work [5, 32].

Methodology

The research topics connected to railway ballast
material breakage have worldwide wide-ranging
bibliography. Fundamentally the researchers uti-
lized the following methods:

— laboratory testing [1, 4, 6-8, 10, 12, 15-18,
24, 26, 29, 30, 33, 38, 45, 47, 53, 55, 56],

— DEM (discrete element method) simulations
and/or 3D grain shape improvements [10, 11, 12,
22,24, 37,53, 55],

— FEM (finite element method) simulations
[10],

— field tests [3, 16, 46, 48, 50].

The noticed researchers behoved with the main
subfields without the requirement of fullness:

— relationship between ballast aggregate degra-
dation, additionally cohesion, inner friction angle

and the water permeability of material and its layer
was investigated [29],

— angularity breakage phenomenon [15, 37],

— relationship of PSD of ballast material and its
mechanical abrasion was examined, and newly
PSD was improved and induced according to more
real loading conditions [26, 56],

— volumetric and axial deformations, addition-
ally particle breakage were measured by laboratory
triaxial testing regarding to different stress values
(main stresses and deviator stresses) [8, 37],

— a special method was developed to be able to
define PSD of ballast aggregate with using of
ground penetrating radar (GPR) [4, 55],

— at DEM simulations more real particle shape
generation method was researched and DEM mod-
els were validated [11, 37, 53],

— laboratory and field tests were performed
with and without geosynthetic inclusions, ballast
material degradation was measured [10, 15, 38,
46],

— tyre derived aggregates (TDA) were tested in
case of sand fouled ballasted tracks [18],

— ballast grain degradation due to ballast tamp-
ing was investigated [1, 17],

— ballast structure with adhesive material was
examined [30].

The significant declarations are below without
the requirement of fullness:

— the maximum limit of Los Angeles abrasion
in Brazil is 40%, in Australia is 25%, in Canada is
20% [47], the difference between the European
ones and mentioned ones is very high,

— the water permeability values of the exam-
ined samples were 6.11x107, 2.07x107, 1.32x10™*
and 1.27x10™" cm/s connected to special Los An-
geles abrasion tests with 250, 500, 750 and 1000
revolutions, respectively [47]; the value for nor-
mal, relatively clean ballast is 3x10" cm/s [47],

— the higher the deterioration of the sample, the
lower the cohesion, but it doesn’t affect the inner
friction angle [29],

— the load bearing capacity values of both the
new and the recycled ballast samples depend on
the initial breakage [29],

— the cohesion of ballast samples was approx-
imately zero after 800 revolutions in the Los Ange-
les drum [29],

— to assess the load bearing capacity of the
mixed railway ballast sample (30% new + 70% re-
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cycled) is nearly the same as 100% new ballast
sample [29],

— angularity breakage signifies the break-off of
the edges and corners of grains that arises at lower
stresses [37],

— confining stress plays a relevant role in the
particle degradation, the larger the confining stress,
the larger the breakage [37],

— the connection between confining stress and
deviator stress is linear [37],

— the larger the confining stress, the larger the
dilation angle (y) [37],

— at low confining stress levels the dilation is
significant larger [37],

— the grain breakage develops first at the top
and the bottom surfaces of the ballast samples dur-
ing monotonic triaxial tests in the lab [37],

— the PSD of ballast is able to be defined with
70% accuracy by GPR [4],

— using of thermodynamically consistent hypo-
plastic model is suitable for assess of ballast deg-
radation, the easy tractability is the benefit of this
calculation method [6],

— the examination of the interface of half depth
ballast and half depth sub-ballast layer was per-
formed by cyclic triaxial test in the lab, this interface
reducts the axial and volumetric deformations at the
interface region [8] that will stop in case the initial
compactness and the confining stress raise [8],

— the degradation after compaction the labora-
tory samples was much larger than during and after
triaxial tests, the relevant part of the sample’s
breakage was observed during the first few hun-
dred cycles [8],

— in case the compactness reaches the 98% of
beginning compactness, the measured axial defor-
mation approximates the calculated results, the ef-
fect of interface on the axial and volumetric strains
reducts at 160 kPa confining stress level [8],

— five diverse grain breakage motifs were classi-
fied connected to cyclic triaxial laboratory test [8],

— correlated fresh ballast sample and samples
from railway track (used ballast) after 5-year oper-
ation, the used ones were not liable to break further
that is able to be clarified with the grain shape; the
inner friction was lower connected to used ballast
samples [16],

— the properties of ballast fouled with sand is
able to be improved by TDA: e.g. damping coeffi-
cient, plastic settlement, degradation; it should be

noticed that the best TDA content is 5% in the ac-
cordance with decreasing of grain breakage and
stiffness; the larger the sand content, the worse the
mechanical properties of the sample [18],

— special Los Angeles laboratory test series
without steel balls was executed with hard sand
stone railway ballast sample (22.4/63 mm grain
size, Los Angeles abrasion value is between 11 and
15%), PSDs of examined samples were defined af-
ter 100, 200, 300 and 400 revolutions [55]:

e rate of grains between (40) 50 and 63
mm decreased,

e rate of grains between 22.4 and 40
mm increased,

e rate of grains between 31.5 and 40
mm raised until 200 revolutions, but reduces
between 200 and 400 revolutions,

o rate of grains between 22.4 and 31.5
mm raised until 100 revolutions, after it was
stabilised,

o rate of grains below 22.4 mm raised
relevantly, between 100 and 400 revolutions
with nearly same speed, until 100 revolu-
tions more rapidly,

o the grain degradation was larger until
100 revolutions altogether, than afterwards,

o the rate of grains below 22.4 mm after
100 revolutions was more than 3% (mass
percentage), after 400 revolutions it was
more than 10%,

— the results of GPR measurements were rele-
vantly affected by the petrographic characteristics
of fouling and ballast material; the methods below
are suggested for analysis of GPR measurements
[55]:

o Fast Fourier Transformation (FFT),

o Wavelet Transformation,

e two and three dimensions discrete el-
ement simulations,

— according to the results of three dimensions
laser scanner tests of ballast grains before and after
Los Angeles tests it is able to be determined that
the most relevant degradation was at the grain cor-
ners; the maximal failure depth was circa 4-9 mm,
the average was circa 1 mm; the larger the particle
diameter the more important the degradation [24],

— the grain breakage is relevant at low and high
confining stresses during laboratory cyclic triaxial
tests, in the middle interval the degradation is min-
imum; there are three well divisible regions [10]:

doi: 10.15802/stp2018/130854

90

© S. Fischer, A. Németh, 2018



ISSN 2307-3489 (Print), ISSN 23076666 (Online)

Hayxka Ta nporpec Tpaucrnopry. BicHuk JIHIponeTpoBcbKOro
HAL[IOHAILHOTO YHIBEPCUTETY 3ali3HMYHOTO TpaHcmopty, 2018, Ne 2 (74)

3AJIIBHUYHA KOJIIA

o dilatant unstable degradation zone
(DUD2),

e optimum degradation zone (ODZ),

e compressive stable degradation zone
(CSD2),

— the optimum confining stress is circa
30-75 kPa connected to cyclic laboratory triaxial
tests, it induces the minimum degradation, it is rel-
evant for maintenance [10],

— the relevant lowest degradation was observed
connected to cyclic triaxial laboratory tests accord-
ing to 1.8 coefficient of uniformity (C,), it is vali-
dated with 3D laser scanner measurements, as
well, in the consideration of this point new, better
PSD was determined [26],

— new, polymer-based rosin was examined, it
advances the mechanical behaviour of ballast ma-
terial (according to the structural and geometric
stability) [30],

— the grain breakage isn’t relevant in real rail-
way track until circa the 10,000th axle; in case the
value of Los Angeles abrasion value is raised from
24 to 12, the degradation decreases with 50%; in
case of used ballast the Los Angeles abrasion test
doesn’t provide fair results [45],

— fresh ballast material is able to bear nearly 40
tamping cycles without ballast cleaning (screening)
[45],

— in case of fresh railway ballast (C,=1.5) both
the strains and the breakage were larger than a re-
cycled material (C,=1.8); it can be clarified with
the developed contact stresses [5],

— ballast samples’ strains are able be chatego-
rised into three well diverse regions according to
DEM modelling and cyclic tests in lab [11, 53]:

o plastic shakedown,
o plastic creep,
e incremental collapse,

— in plastic shakedown zone the strain rate
quickly reduces below than 107, and there are
some broken grains [11, 53],

— in the plastic creep zone stable and persistent
strain is able to be evolved, there is some broken
particles; the region of plastic creep is expanded
when the confining stress raises [11, 53],

— in the incremental collapse region grain deg-
radation and plastic strain are able to be detected
that is mostly because of shearing failure [11, 53],

— at low level of confining stress, the testing
frequency doesn’t have affect factor, at larger con-

fining stress the larger the testing frequency the
smaller stress is needed to fail (collapse) [11, 53].

In 2014 a research report was written with the
finance support of Colas Eszakkd Ltd.; the public
parts were published in [20, 21]. Below these re-
sults are shortly detailed.

In the accordance with more real stresses,
strains and breakage of ballast material a creative
laboratory testing method was developed. Six
frames of the ten-level multi-level shear box was
used, in the lowest two frames there are 20-cm-
thick XPS sheets, above it is 10-cm-thick sand lay-
er and one layer of high strength non-woven geo-
textile with 1200 g/m? mass, all three in 1.0x1.0 m
surface (Figure 1-2).

=

2

Fig. 1. Steel box (six steel frames) and 1200 g/m
geotextile laid onto 10 cm sand layer

Fig. 2. The «box» built from wooden sleepers

On the geotextile there is 46x46x30 cm
(lengthxwidthxheight) rail-way ballast sample on
the center of the 1.0x1.0 m surface, between tim-
ber sleepers with 1200 g/m? geotextile coating
(Figure 3). 3 million-cycle dynamic pulsation force
is applied for each ballast sample. Five different
types of 31.5/50 mm, «A» type railway ballast

doi: 10.15802/stp2018/130854

© S. Fischer, A. Németh, 2018

91



ISSN 2307-3489 (Print), ISSN 23076666 (Online)

Hayxka Ta nporpec Tpaucrnopry. BicHuk JIHIponeTpoBcbKOro
HAL[IOHAILHOTO YHIBEPCUTETY 3ali3HMYHOTO TpaHcmopty, 2018, Ne 2 (74)

3AJIIBHUYHA KOJIIA

samples (according to EN 13450:2002 standard, all Findings
samples were from andesite base rock) were exam-
ined (Table 1). Particle size distributions were de-
fined before and after the innovative fatigue tests.

PSD diagrams before and after the 3x10° pul-
sating cycles are published in Figures 4-5.

The measured ballast degradation parameters
and index numbers for the necessity of ballast siev-
ing were calculated, which were according to the
values in Table 2.

Particle size distribution

g

===511 - Before
» B
g% LR
— B
£ - B
2% e
E " pulsating test
Zu
Fig. 3. Geotextile layers glued onto wooden sleepers, o
and either ballast sample in the «box» i
T a b I e 1 0 0063 fl.I-E 025 0s 1 - 1 4 - L Ié- lZ.-l- s :10 :t:n-:: deves Imm; I““. “ul‘:l
) Fig. 4. Particle size distribution diagrams
Rock mechanics parameters of ballast samples of 511, 514 and 517 ballast samples before
(measured by Colas Eszakko Ltd.) and after pulsating test
No. of ballast LAgg (%) MpeRB (%) Particle size distribution
sample o == 521 - Before
a0 pulsating test
511 14.2 3.6 w822 Belore
g B rayv-
514 16.7 9.7 ; o pulsating test
517 23.8 16 <. pig ¢
521 18.6 16.7 fo
£ M
522 18.55 17 Z
Not only the Los Angeles (LArg%) and the "
Micro-Deval abrasion value (MpeRB%) were de- T mees i s 12 4 8 6 mius 0 9w

Size of sieves [mm;: log. scale]

termined, but particles quantity d<22.4 mm,
d<0.5 mm, d<0.063 mm, the ratio dgo/dyo, as well
as M and A parameters [23], as well.

Fig. 5. Particle size distribution diagrams of 521 and
522 ballast samples before and after pulsating test

Table 2
Measured and calculated ballast breakage
parameters
Measured and No. of ballast sample
calculated values 511 514 517 521 522
LAgg (%) 14.20 16.70 23.80 18.60 18.55
MpeRB (%) 3.60 9.70 16.00 16.70 17.00
LAgs+MpeRB 17.80 26.40 39.80 35.30 35.55
Fv (BP) (%) 1.535 1.434 3.510 0.880 3.561
Fv (AP) (%) 5.325 10.668 | 12.066 4.626 10.643
AF, (%) 3.790 9.234 8.556 3.746 7.082
doi: 10.15802/stp2018/130854 © S. Fischer, A. Németh, 2018
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End of the Table 2

Measured and No. of ballast sample
calculated values 511 514 517 521 522
d<22.4 mm (BP) 0.851 0.918 0.963 0.333 2.784
(%)
d<22.4 mm (AF) 2.812 5.739 5.197 2.535 6.188
(%)

Ad<22.4 mm (%) 1.961 4,821 4.233 2.202 3.404
d<0.5 mm (BP) (%) 0.153 0.116 0.408 0.108 0.246
d<0.5 mm (AP) (%) 0.253 0.417 0.841 0.241 0.572

Ad<0.5 mm (%) 0.100 0.302 0.432 0.133 0.326

d<0.063 mm (BP) 0.054 0.039 0.108 0.064 0.120

(%)
d<0.063 mm (AP) 0.118 0.150 0.328 0.082 0.234
(%)
Ad<0,063 mm (%) 0.064 0.111 0.220 0.018 0.114
BBI 0.018 0.248 0.149 0.077 0.195
deo/d1o (BP) 1.547 1.466 1.489 1.500 1.624
dgo/d1o (AP) 1.603 1.577 1.663 1.536 1.633
Adgo/dyo 0.057 0.110 0.174 0.036 0.008
M (BP) 271.74 | 281.02 | 258.69 | 256.86 | 287.53
M (AP) 273.38 | 308.21 | 278.44 | 268.11 | 307.74
A (BP) 1.072 1.109 1.020 1.013 1.134
A (AP) 1.078 1.216 1.098 1.058 1.214

In Table 2 «BP» and «AP» abbreviations signify
«before pulsating test» and «after pulsating test».

In Table 2 the d<22.4 mm, the d<0.5 mm, the
d<0.063 mm and the dg/dyo, as well as the calcu-
lated values of M and A parameters described in
literature [23], are indicated.

ot
1
b

- n + d=0.063 mm - BP
= 03 y = 0.0208x - 0.1943
z R? = 0.6022 B d<0.063 mm - AP
E
- 0.25 Delta mass %% d=<0.063
g 0.2 mm
= .. e Linear (d<0.063 mm -
- BP)
4 015 b = Linear (d<0.063 mm -
E 2 AP)
= 0l / Linear (Delta mass %
E 0.05 4 $ {0007y -0.0491 d<0.063 mm)
@ o * R? =10.5285
g 0
g 10 15 20 15
LAgg (%0)

Fig. 6. Parameters d<0.063 mm and Ad<0.063 mm as a
function of LAgg (%)

Breakage parameters in Table 1 in function of
LAgs (%), MpeRB (%), and ,,LAgg + MpeRB»
measured and calculated rock mechanics parame-
ters of the ballast samples were described in sever-
al graphs. Due to content limit only one graph will
be published (Figure 6).

According to the results, the following asser-
tions can be formulated:

— there is no considerable correlation between
any material characteristics related to grain break-
age and their variation, moreover the measured and
calculated rock mechanic properties. This result
wasn’t unforeseen because of the base assemblage
of laboratory tests (rotating steel drum full with
ballast grains with or without steel balls vs. a
«box» full with ballast, pulsated by dynamic cyclic
loads),
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— in the paper [17] the grain breakage due to
ballast tamping was investigated in the laboratory,
its authors couldn’t confirm correlation between
the Los Angeles abrasion value of the samples and
the grains’ shape characteristics,

— the needed cycle values of ballast screening
work were calculated in the accordance with the
earlier practice data of MAV (Hungarian Rail-
ways) and international bibliography [5, 33].

Originality and practical value

The authors have supplementary plans com-
pared to the research executed in 2014: more accu-
rate measurement of the variation of ballast grains’
degradation as a function of pulsating cycles (or
elapsed time during the fatigue test) with the man-
ner detailed below:

— testing of minimum two types of ballast
samples with diverse rock mechanic properties,

— minimum three separate measures connected
to certain railway ballast material samples, defini-
tion of PSD before and after fatigue tests with the
following load cycles: 0.1 million; 0.2 million; 0.5
million; 1 million and 1.5 million (the UNKP pro-
ject doesn’t finance the laboratory measurements
until 3 million loading cycles),

— separate ballast sample has to have for each
fatigue test, i.e. the test series will be like the fol-
lowing:

o ballast sample should be cleaned and
washed (the particles more than 22.4 mm are
needed for the tests),

e PSD should be determined (BP - be-
fore pulsating test),

e 0.1 million loading cycles should be
utilized,

o PSD should be determined (AP — after
pulsating test),

o the ballast sample has to be thrown
away,

e another (new) ballast sample should
be cleaned and washed (the grains more than
22.4 mm are needed for tests),

e PSD should be measured (BP - before
pulsating test),

e 0.2 million loading cycles should be
used,

e PSD should be determined (AP — after
pulsating test),

o the ballast sample has to be thrown
away,

e etc. until 1.5 million loading cycles.

— grain quantity d<22.4 mm, d<0.5 mm,
d<0.063 mm, the ratio dg/d;o, moreover M and A
parameters should be defined,

— the goal is to effort determine mathematical-
physical trends and correlation between character-
istics (see above point) and loading cycles.

The noticed measurements will also be per-
formed using of fresh railway ballast samples from
andesite base rocks, as these measurements were
executed in the research in 2014. The dynamic fa-
tigue test series will be able to be begun in March,
2018, the full results is able to be published in
May-June, 2018.

Conclusions

This article details a research’s introductory re-
sults (literature review) supported by UNKP-17-4
New National Excellence Program of Ministry of
Human Capacities. The exact topic in the UNKP
project is the «Innovative breakage test method of
railway ballast material». The up-to-date interna-
tional research achievements were resulted related
to standardized and non-standardized, additionally
seperate laboratory breakage test methods and dis-
crete element simulations of ballast materials. Af-
terwards these points the results of the research test
series performed at the Széchenyi Istvan Universi-
ty (SIU) in the year 2014 were shortly presented. It
provided a concept and research base for the exten-
sion of the research between 2017 and 2018, as
well. The new research plan was introduced and
detailed for the new R&D, it can be scored as the
enhancement of the earlier research. The authors
would like to prepare the continuation of this arti-
cle with the details of the fulfilled R&D.
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CHEI.IIAJII)I{HI& METO/ JIABOPATOPHUX BUITPOBYBAHD JIJISA
OHIHKU PYUHYBAHHS YACTOK MATEPIAJIY 3AJI3HUYHOI'O
BAJIACTY

Merta. IcHyl0Th crieniaigbpHi CTaHAAPTHU30BaHI METOAU J1IA00paTOPHUX BUIIPOOYBaHb JUIsl OLIHKM PYHHYBaHHS 4a-
CTOK 3aJI3HUYHOTO OanacTy: Ie yCTaHOBKH JUIS TecTiB Ha ctupaHHs Jloc-AHmxkenec 1 Mikpo-/leBaib. ABTOpH BBa-
KAaIOTh, 110 I1i METOJIM HE € JOCTATHBO aJEKBATHUMHU JUIS OLIIHKU peajlbHOTO PYHHYBaHHs 4acTOK 0ajacTy, OCKUIBKU
B iICHOCTI Taki HaMpyxeHHs i nedopmarii He BinOyBatoThes (K y GapabaHi, 10 obepTaeThes, 3 abo 6e3 cTaTbHUX
KyJBOK Ta 3 BOJOKO i O6e3 Boau). [ToTpibHa HOBa mpouenypa 1abopaTopHUX BUMPOOYBaHb, TOMY METOIO CTATTi € 00-
IPYHTYBaHHSI HOBOI NpoleypH LUX BUlpoOyBanb. Y 2014 poui aBropu 3poduim cnpoOy KoHpiryparii aiekBaTHO-
TO METOXy i ONPWITFOHIIIN TepIi pe3yasTaTti. Lleit MeTon BUIIpoOyBaHb MOB’A3aHUH 3 JHHAMIYHUAM ITyIBCYIOUUM
TECTOM, NPHUOMY po3mofireHHs po3MipiB dacTok (PPY) Bm3HawaeThCs SIK 70, Tak i micig nedopmamiii BTOMH.
B 2017-2018 pp. mocmimKeHHST OTPUMAaNN HOBHU pO3BUTOK 3a miaTpumMku nporpamu UNKP-17-4. Meroauka. AB-
TOPH 3aCTOCOBYIOTH 0araTopiBHEBY CTaNbHY KOPOOKY 31 CHemiadbHOIO CTPYKTYPOIO IIapiB, TOKIATHO OIHC HAJAHO
B po0Oori. Bymo BumpoOyBaHO I’ATh Pi3HUX THUIIB 3pa3KiB 3ali3HUYHOTO Oamacty. bynn BH3Ha4YeHI XapaKTepUCTHKH
PPY, B ToMy umcIi ¥ y BUTJISI CITIBBITHOILIEHHS MK TIOKa3HHMKAMHU pyWHYBaHHSI YaCTHHOK OajlacTy 3a IHIIMMHU Me-
tonamu (y BIAMOBIAHOCTI 10 BUNPOOYBaHb Ha CTUPaHHS B ycTaHoBkax Jloc-AHmkenec, Mikpo-/leBaib Ta HOBUM
PO3pO0JICHUM JTa00PATOPHUM METOZOM BUIPOOYBaHb). Takoxk OyI0 BU3HAYCHO YaCOBHIA iHTEPBAJ MiXK HEOOXITHH-
MH poOOTaMH 3 OYHMIIECHHS 0aNacTy 3aJi3HUYHOI JiNSHKY. Pe3yabTaTn. ABTOpH OTpUMAaNU pe3yibTaT, IO MMOKa-
3YIOTh HalpsMOK IMOJAJBIIOr0 PO3BHUTKY J1a0OPaTOPHOTO METOJY BHIIPOOYBaHb, SIKUH N1a€ MOXJIHMBICTH OLIHUTH
pYHHYBaHHS YaCTOK Ta BU3HAYUTH YaCOBUI IHTEpBaJ MK poOOTaMH 3 OYMIIEHHS OanacTy Ha 3aJIi3HUYHIA JUISHII,
G171 TOYHO OB’ SI3aHUN 3 PeAIbHUMHU YMOBAaMHM €KCILTyaTalii 3ami3HudHO1 Koii. [TokasHukn pyifHyBaHHS 4acTOK
HaBOJITHCA SK Y BIAMOBIIHOCTI IO CTAaHAAPTH30BaHUX METOJIB JIAOOPATOPHHUX BHIIPOOYBaHb, TaK i B YHIKAIEHOMY
(ue crarmaptuzoBanomy) sui. HaykoBa HoBH3HA. B po0oTi 00’ €1HAHI pe3ynbTaT po3podIeHOT0 MeToay labopa-
TOPHUX BHUIIPOOYBaHb ISl OLIHKK PYHHYBAaHHS 4acTOK 3aii3HWYHOro Oanacty. Ilpakruyna 3Haummicts. OOrpyH-
TOBaHO PEKOMEHAAII] II0JI0 MOJAIBIIOr0 BIOCKOHAJICHHS BUMIPIOBAHb 1 OTPHUMAHHS pPEajJbHUX OLIHOK B paMKax
MpoTpaMu AOCIHIIIKEHb 3a mATpuMKu npoekty UNKP-17-4.

Knmiouo6i cnosa: 3ami3HUYHHNA 0alacT; 3HOC YAacTOK; PyHHYBaHHS YacTOK; CIEIialbHUN METOJ JIabopaTOpHUX
JIOCTI/KCHB; AMHAMIYHUI TECT HAa CTHUPAHHSA
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CIIEIIUAJIBHBIN METO/I IABOPATOPHBIX UCIBITAHUM JJIs
OHEHKU PAZPYHIEHUA YACTULl MATEPUAJIA
KEJIE3HOAOPOKHOI'O BAJIVTIACTA

He.m,. CyIIICCTByIOT CrielaJIbHbIC CTAHAAPTU3UPOBAHHLIC MCTO/bI na6opaT0pme HCIBbITAaHUH JJId OLICHKH
pa3pyuicHud 4acTull KEJIC3HOAOPOKHOTO Oayutacra: 3TO YCTAaHOBKH Jid TE€CTOB Ha HCTUPAHUC .HOC'AH[[)KCJ'IGC
nu MI/IKpO-ﬂeBaHL. ABTOpLI MoJjiararoT, 4TO 3TU METOAbI HE ABJIAIOTCA AOCTATOYHO a/ICKBATHBIMU JJII OLEHKU pEaJib-
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HOTO pa3pyLIeHUs YacTHIl 0aacTa, IIOCKOJIBKY B ICHCTBUTEIBHOCTH JaHHbBIC BU/IbI HANIPsDKEHUI U nedopmannii He
MPOMCXOJAT (KaK BO BpallaromeMmcs: 6apabaHe cO CTaJIbHBIMHU LIapUKaMH WK 0€3 HHUX, U ¢ BOJON WM 0e3 BOJbI.
Heob6xoanma HOBast porieypa 1a00paTOPHBIX HCIBITAHUH, TOITOMY LENBIO CTAThH ABISIETCSI 0OOCHOBAHUE HOBOM
mpoueaypsl 3Tux ucnbiTaHuid. B 2014 romy aBTOpBI clenay MOMBITKY CKOH()HUIYpHUPOBATH aJCKBATHBIA METO[
1 OITyOJINKOBANIN NEPBOHAYAIBHBIE PE3YNBTATEL. JTOT METOJ] UCIBITAHUH CBA3aH C TMHAMHUYECKIM ITyIbCHUPYIOLIINM
TECTOM, IIpHUEM pactpeaeneHue pazmepos dactur (PPY) nomkHO onpenensaTees Kak 70, TaK U MOCIE YCTaIOCTHBIX
nepopmanmii. B 2017-2018 rr. wmccrenoBaHWS TOMYYIIIM HOBOE pa3BUTHE NPU TIOANCPKKE IPOTPaAMMEI
UNKP-17-4. MeTtoauka. ABTOpBI UCIIOJIB3YIOT MHOTOYPOBHEBYIO CTAIBHYIO KOPOOKY CO CIIEIHAIbHON CTPYKTYpPOH
CJIOEB, IIPEJICTABIAIOT OAPOOHOE ee ONKcaHue B cTaThe. [[pOBEAeHO UCTIBITAaHKE TIATH Pa3IMUHBIX THUIIOB 00pa3lioB
KEJIC3HOJOPOIKHOTO OaiacTa, onpenesieHsl xapaktepuctuku PPU, B ToM yuciie v B BHJIE COOTHOIICHHUS MEXITY T10-
KazaTeJsIMU pa3pyllIeHHs] 4acTHLl Oaiiacta 1Mo JPyrdM MeTojaM (B COOTBETCTBUM C UCHBITAaHUSMH Ha UCTUPAHHE
B yctaHoBKax Jloc-Anmxenec, Mukpo-JleBanb, 1 HOBBIM pa3pabOTaHHBIM Ja0OPaTOPHBIM METOIOM HCIIBITAHUI).
Taxoke ornpezeseH BpeMEHHOH UHTEpBall MEXy HEOOXOJUMbBIMU paboTaMy 10 OYHMCTKE Oajiacta eJIe3HO0POXK-
HOTO y4JacTKa. Pe3yabTaThl. ABTOPBI MOyYHIN PE3YIbTAaThl, OKA3bIBAIOIINE HANPABICHNE JaTbHEHIIETO pa3BH-
TSI TaOOPATOPHOTO METOJa MCIBITAHUH, KOTOPBIN JaeT BOZMOKHOCTh OLIEHUTH Pa3pyIICHHE YACTHI U ONIPEICIUTh
BPEMEHHON MHTEPBAI MEXy padOTaMH 110 OYHCTKE OautacTa Ha JKEJIe3HOAOPOKHOM yJacTKe 0ojee TOYHO B 3aBH-
CHUMOCTH OT PEIbHBIX YCIIOBHH 3KCIUTyaTallny jkene3Hoi noporu. [lokaszareny pa3pymeHus: 4acTHIl MPUBOISTCS
KaKk B COOTBETCTBHM CO CTaHAAPTU3UPOBAHHBIMUA METOAAMH JIA0OPAaTOPHBIX WCIBITAHUHA, TaK M B YHUKAILHOM
(me crammapTm3mpoBaHHOM) BHIe. HayuyHasi HoBm3Ha. B pabore 0000mICHBI pe3ymbTaThl Pa3paOdOTaHHOTO
MeToZa Ja0OpaTOPHBIX HWCHBITAHWN JUISI OLIEHKM pa3pylIeHHs dYacTHI[ >KEJIE3HOJOPOKHOrO Oamacra.
IpakTuyeckas 3HaUMMOcTb. OGOCHOBaHBI PEKOMEH/IAIIMH TI0 AIbHEHIIEMY YCOBEPLICHCTBOBAHUIO H3MEPEHUH 1
MIOJTyYCHUIO PEaJbHBIX OLEHOK B PaMKax IMPOrpaMMBI HCCIeI0BaHu, moaaepsxuBaeMoit mpoektom UNKP-17-4,

Kniouegvie cnoea: ene3HONOPOKHBIN 0alIacT; M3HOC YaCTULl; pa3pyLICHUE YaCTHIl; CIIEIUAIbHBINA METOA Ja-
0OpaTOPHBIX UCTIBITAHUH; TUHAMHYECKUHN TECT Ha HCTHPAHUE
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