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SPECIFIC ASSESSMENT METHOD OF RAILWAY BALLAST
PARTICLE DEGRADATION BASED ON UNIQUE LABORATORY TEST

Purpose. There are specific, standardized laboratory test methods to assess railway ballast particle degradation;
they are the Los Angeles (EN 1097-2) and the Micro-Deval abrasion (EN 1097-1) tests. These testing methods can’t
take into consideration the real railway stress-strain circumstances of ballast materials, and they particles. In this
paper the authors represent a specific laboratory fatigue breakage test of railway ballast materials. With this kind of
testing method, the deterioration process of railway ballast particles can be assessed more realistic and precisely.
Methodology. A special layer structure is built-up with elastic sublayer system and 30 cm thick ballast samples (from
two different type andesite base rocks) that is loaded by dynamic, pulsating forces. Particle size distribution functions
have to be recorded before and after a more million cycle fatigue test, but intermediate measurements are also execut-
ed. The measured data should be processed, and different parameters have to be calculated that are offered by interna-
tional literature and researches. The test doesn’t consider the particle breakage due to hand-made and machine-made
tamping, but it can simulate particle degradation due to more years’ railway traffic in laboratory circumstances.
Findings. There is a development after the R&D work made and published in 2014: in 2017 and 2018 years the ballast
particle deterioration process is given according to more intermediate fatigue cycles with individual measurements, that
show more precise «picture» about the full particle degradation, i.e. breakage process. The authors give more precise
correlation functions between the calculated parameters and load cycles during fatigue. Originality. The paper
summed up the results of a specific developed laboratory test method for assessment of the breakage process of railway
ballast particles according to two different railway ballast materials from andesite base rocks. Practical value. The
results help with the calculation of approximate time interval of required ballast screening (cleaning) work in the future.
This research is supported by the UNKP-17-4 New National Excellence Program of Ministry of Human Capacities.

Keywords: railway ballast material; particle degradation & breakage; specific laboratory test method; dynamic
fatigue test

nowadays practice it is obvious aspect that re-
Purpose quired quality ballast [3, 5, 13-22] is achievable in

In the EU’s 2014-2020 Finance Programme requJesttﬁd ?ul?m't.y' the auth it 1o th .
Hungarian railway construction and rehabilitation In the Toflowings the authors point o those cri-
projects can be financed by more than thousand teria because of that the future view is more shad-
billion Hungarian Forints, from which quantity of eﬂ, ‘?”dtWth'C*L areA prelscrlbe((jj l\t/lhat slgeuall rSCk
money important railway projects can be executed. physics tests (Los Angeles and Micro-Deval abra-

The important part of these projects is the ballast S|on_tests) are highly suggested W.'th more  real
that is the most component of superstructure. In loading conditions than the standardised tests con-

sidering available stone-rock qualities’ limits.
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The grains’ original — base rock-dependent —
abrasion properties can be hardly modified by tech-
nology methods, these are mostly depending on
«aggregate asset» and rocks’ mechanical character-
istics. In professional events more and more presen-
tations are made about the fact that environmental,
nature-reservational, heritage-protective, etc. regula-
tions hitting the stone-mining industry aggravated
year by year generally mean such restrictions [13,
14] on the access of the natural wealth that might
lead to problems in base material supply and in-
creasing quality hazard on the medium term.

The authors think it a base problem that the
ability for railway ballast material is internationally
required the Los Angeles abrasion and Micro-
Deval abrasion tests [15, 16] in the product stand-
ard [17]. These laboratory tests are not able to sim-
ulate the real evolved stresses of railway ballast (it
should be mentioned that in case of e.g. asphalt
and concrete road pavements’ «stone skeleton» [1,
10, 11] these laboratory tests are not the optimal
solution, either). For the objective judgement of
conformability special laboratory breakage test has
to be used that consider the more real operation
circumstances and stresses.

After the international literature review, the au-
thors represent the own, unique solution for a spe-
cial laboratory test procedure (method) that is able
to simulate the stresses more realistic. The results
are comparable to the conventional, standardised
abrasion (degradation) tests [15, 16], the degrada-
tion qualifying parameters used internationally [8, 9,
12], as well as required cycle of ballast cleaning
work [2, 12].

Methodology

In 2014 an R&D was made with the finance
support of Colas Eszakkd Ltd.; the public infor-
mation were published in [6, 7]. Below these re-
sults are shortly detailed:

— there is no strong correlation between any
degradation parameters and their change, as well as
the measured and calculated rock mechanic param-
eters. This result wasn’t unexpected because of the
base assembly of laboratory tests (rotating steel
drum filled with ballast particles with or without
steel balls vs. a «box» filled with ballast, pulsated
by dynamic cyclic force),

— in the article [4] the particle degradation due
to tamping technology was examined in the labora-

tory, the authors of this paper weren’t able to veri-
fy neither physical nor mathematical correlation
between the Los Angeles abrasion value of the
samples and the particles shape parameters,

— the time interval values of ballast cleaning-
screening work were determined according to ear-
lier experience data of MAV (Hungarian Railways)
and international literature [2, 12].

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 different rock mechanic properties
(ballast samples from Colas Eszakké Ltd.),

o ballast sample #1: LAgs=19%,
MpeRB=17%,

o ballast sample #2: LAgrg=16%,
MDERB=4%,

— fatigue tests connected to railway ballast ma-
terial samples, definition of PSD (particle size dis-
tribution) 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; 3 million and 5
million (the authors modified the initial plan and
they will execute measurements with maximum 5
million cycles, but in this way they don’t have the
opportunity to make measurements with 3 separate
measures),

— separate ballast sample should be for each fa-
tigue test, i.e. the test series will be like the follow-
ing:

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,

e 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),
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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,

o etc. until 5 million loading cycles.

— Fv [12], BBI [9] parameters have to be de-
termined,

— grain quantity d<22.4 mm, d<0.5 mm,
d<0.063 mm, the ratio dgy/d;9, moreover M and A
[8] parameters should be defined,

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

The noticed measurements are also performed
using of fresh railway ballast samples from andesite
base rocks, as these measurements were executed in
the research in 2014. The dynamic fatigue test series
were able to be begun in March, 2018, the full re-
sults is able to be published in June, 2018.

Findings

In this paper the authors are able to sentence
the results until 3 million loading cycles, because
the measurements with fatigue tests are done as
follows:

— ballast sample No. 1: 0.1 million; 0.2 million;
0.5 million, 1.5 million and 3 million;

— ballast sample No. 1: 0.1 million; 0.2 million;
0.5 million, 1 million and 3 million.

Fig. 1-8 represent the calculated parameters as
a function of number of loading cycles (all the par-
ticle size distribution functions are not published
because of the limited content only the calculated
parameters that can be calculated from that).
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Fig. 1. Function of parameter Fy (%)
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Originality and practical value

According to the Fig. 1-8 the following results
can be determined, that are not the final results of
the research, and they consider the maximum 3-
million-fatigue cycles (not the 5 million):

— there are significant correlation (R>>0.8) re-
lated to four calculated parameters from the eight
(as a function of number of loading cycles), the
regression functions are power regression function:

e Fy, i.e. the parameter that can forecast
the necessity of ballast bed screening, this
parameter is recommended by the South Af-
rican Railways [12],

sating and before pulsating, respectively).

— The regressions are not significant (neither
with linear, nor with power regression functions)
related to the other four calculated parameters,

— in detailed analysis (considering only the
significant correlations) the authors can highlight
the fact, that «speed» of the breakage (the tangent
of the functions) is higher related to ballast sample
#2 than ballast sample #1, that is very interesting
because both the LArg and MpeRB parameters are
better (lower) for ballast sample #2,

— to be able to sentence final results the miss-
ing measurements are needed (i.e. the measure-
ments until dynamic fatigue with 5 million loading
cycles).

Conclusions

This article introduces a research’s results (but
not the final results) supported by UNKP-17-4 New
National Excellence Program of Ministry of Human
Capacities. The accurate topic in the UNKP project
is the «Innovative breakage test method of railway
ballast material». In the authors’ earlier paper the
up-to-date international research achievements were
resulted related to conventional (standardized) and
non-conventional (non-standardized), additionally
seperate laboratory breakage and abrasion test
methods and DEM simulations of ballast materials.
The research plan was introduced and detailed for
2017 and 2018 years, it can be scored as the en-
hancement of the earlier research. The authors sen-
tenced the results of the laboratory tests in the con-
sideration of the maximal 3 million fatigue cycles
for the two different andesite railway ballast sam-
ples. The developed method seems to be adequate
for evaluating of the degradtion process of railway
ballast material according to railway.
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CNELIAJBLHU METOJI OLIHKY PYIHYBAHHS YACTOK
3AJIIBHUYHOT O BAJIACTY HA OCHOBI YHIKAJILHOT'O
JABOPATOPHOI'O BUIIPOBYBAHHSI

Merta. IcHyl0Th crieniaigbpHi CTaHAApPTH30BaHI METOIM J1A00paTOPpHUX BUIIPOOYBaHb JUIsl OLIHKM PYHHYBaHHS 4a-
CTMHOK 3aJi3HUYHOTrO 0alacTHOrO Imapy — ue BurnpoOyBaHHs Ha crupanHs Jloc-Anmxkenec (EN 1097-2) i Mikpo-
Jesanp (EN 1097-1). Lli MmeTonu BUIIpoOyBaHb He BPaxOBYIOTh pealibHi YMOBHU HarpyXeHoi Jaedopmarii 3ami3Hud-
HUX OanacTHHUX MatepianiB. OCHOBHOIO METOIO poOOTH € creniaibHe JabopaTopHe BUNPOOYBaHHS HA yTOMHE PYy#H-
HYBaHHS 3aTI3HAYHUX OanacTHUX MarepiamiB. Takuil MeTon BHNPOOYBaHHS MO3BOJISE OLNBIN peasliCTHIHO i TOYHO
OIIIHATH TIPOIIEC 3HOCY YACTOK MaTepialxy 3ali3HHIHOTro OanmactHoro miapy. Metoamka. CriemianbHy mapyBary
CTPYKTYPY, YKPITUIEHY IPY>KHIM HIDKHIM IIapoM i GamacTHUMH 3pa3kamMi TOBIIHHOIO 30 cM (i3 IBOX Pi3HUX MOpif
aHJ/IC3UTOBOTO MICOCHIO), HABAHTAXKYIOTh AHHAMIYHUMH, ITyIbCylounMu critamu. Corin 3ammcatu QyHKII po3noairy
PO3MipiB YaCTOK A0 i MiCIIA MPOBEACHHS OLIbIIEC Hi’K MiJTbHOHA TECTIB Ha IUKIIIYHY BTOMY, a TAKO>K BUKOHATH TIPO-
MDKHI BUMiptoBaHHs. [1oTpiOHO ompaifoBaTi BUMIpsIHI JaHi i po3paxyBaTH pi3Hi NapaMeTpH, 3arpoloHOBaHi B Mi-
YKHAPOJHUX HAYKOBHX JOCIHIKEHHSIX. BUIipoOyBaHHs He BpaxoBye pyWHYBaHHS 4aCTOK BHACIIIJIOK MEXaHIYHOTO Y1
py4HOTO miIoMBaHHA OanacTy, ajie 103BOJISIE B JJAOOPATOPHUX YMOBaX IMITyBaTh pyHHYBaHHS 4acTOK BiJ OaraTopi-
yHOI [il 3aii3HUYHOrO pyxy. Pesynbraru. Ilicias HaykoBO-IOCHIIHUX 1 JOCIHIAHO-KOHCTPYKTOPCHKHUX PO3POOOK
pylinyBaHHs OanactHoro mapy B 2014 porii 0yio omy0nikoBaHO HaykoBe gociimpkenHs. B 2017-2018 pokax gociti-
JUKEHHS TIPOLieCy pyHHYBaHHs 4acTok Oanacty OyJM MpeACTaBlieHi 3 ypaXyBaHHAM OLIbII CKIaJHUX LIUKJIIB HAaBaH-
Ta)XCHHS, SKI MalW 1HAWBIdyaJlbHE OIiHIOBaHHA. Lle 1ae OiIbIN TOYHE YSBJICHHS NMPO MOBHE MOIIKOKEHHS YaCTOK
OarmacTHOro Matepiany, TOOTO PO MpoIrec pyHHYBaHHS. ABTOPY MOJAIOTh YTOYHEHI KOpeAUiiHI (GyHKIIT MiX po3-
PaxyHKOBHMH NTapaMeTpaMH i IUKJIaM1 HaBaHTAXXEHHS ITiJ yac BUNpoOyBaHb Ha BToMy. HaykoBa HoBH3HA. Y miit
po0OoTi miACYyMOBaHiI pe3yabTaTH PO3POOIICHOTO TabOPATOPHOTO METOAY BUIPOOYBAaHb JJIsI OLIHKHU MPOIECY PYHHY-
BaHHS 9aCTOK 0allaCTHOTO MaTepialy 3ali3HHYHOTO IOJIOTHA i3 JBOX Pi3HUX IMOpif aHAe3uToBOro medeHro. Ipak-
THYHA 3HAYMMICTh. Y NOJANbIIOMY PE3yIbTaTH MOXKYTh OyTH BUKOPUCTaHI Uil OOYMCIIEHHS PHOIN3HOTO Yaco-
BOTO iHTEpBaLy, HEOOXITHOTO JUIsi BUKOHAHHS POOIT 13 ounienHs 6anacty. Lle mocmimkeHHsS BUKOHAHE BiJIIOBiIHO
710 HarioHanbHoi mporpamu BaockonanerHs UNKP-17-4 MixicTepcTBa MOXKINBOCTEH JTIOXMHH.

Kniouosi cnosa: 3anizHNYHAN OanmacTHUN MaTepiaj; MOIIKOMKECHHS M pyHHyBaHHS 9acTOK; CIEIiallbHII METO
1a00paTOPHUX JOCHIKEHB; BUIIPOOYBAaHHS HA JHHAMIYHY BTOMY
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CIIEIIUAJIBHBIN METO/I OUEHKH PA3PYIIIEHWS YACTHII
KEJE3HOAOPOKHOI'O BAJIVIACTA HA OCHOBE YHUKAJIBHOI'O
JIABOPATOPHOI'O UCIIBITAHUA

Henp. CymecTByOT CIeMUalbHBIE CTAaHAAPTU3WPOBAHHBIC METOIB! JTAOOPATOPHBIX HCHBITAHWNA UISL OLEHKH
pa3pyLIeHUsT YacTHUI] JKEJIe3HOAOPOXKHOTO OayuTacTHOTO CIIOSI — 3TO WCIBITaHHS Ha uctupanue Jloc-AmHmxenec
(EN 1097-2) u Mukpo-Jlesams (EN 1097-1). JlaHHbIE METOABI WCIBITAHMNA HE YIWTHIBAIOT pealbHBIE YCIOBUS
HaTIpSDKEHHOW NTeopManni KeJIe3HOJOPOXKHBIX OalTacTHRIX MaTepraioB. B pabore mpencTaBieHO crenuaibHOE
71a00paTOPHOE HCIBITAHUE HA YCTATOCTHOE Pa3pyICHUE KEJIC3HOJOPOKHBIX 0AIaCTHBIX MaTtepuaioB. Takoi me-
TOJI MCIIBITAHUS MO3BOJISIET 00JIce PEATUCTUYHO U TOYHO OIICHUTH MPOIIECC M3HOCA YAaCTHUI] MaTepHalia XKeJIe3HOI0-
poxkHOrO OaymtacTHoro cinosi. Meronuka. CrieliaabHas CJIOUCTAs CTPYKTYpa, YKPCIUICHHAS YIIPYTUM HIDKHHM CIIO-
eM U OayutacTHBIME OOpasiamMu ToIuHO#M 30 cM (M3 ABYX pa3HBIX MOPO aHIC3UTOBOTO IEOHs), HATPYKACTCS JTU-
HAMHYECKUMH, TYJIbCUPYIOIIMMYU criiamu. CleayeT 3anucaTh GYHKIUHN PacpeeIICHIs pa3Mepa YacTHIL 0 U MOCTe
MMpOBEACHUA 60.]'166 YyeM MWLIMOHA WCIIBITAHUM Ha HUKIIMYECKYIO YCTAJIOCTDh, @ TAKXKC BBINIOJIHUTH MPOMEKYTOUYHLIC
n3Meperus. Heooxommumo 00paboTaTs m3MepsieMble JaHHBIE W PACCUUTATEH PA3IMIHBIC MapaMeTPHI, IPEI0KEHHBIE
B MEXAYHAPOTHBIX HAYYHBIX HCCIENOBAaHUAX. VIcIIBITaHNE HE YYUTHIBACT pa3pylICHUE YacTHUIl B Pe3ylbTaTe Mexa-
HUYECKOW WIM PYYHOH MONOWBKH Oaiiacta, HO IMO3BOJIET B TAOOPATOPHBIX YCIOBUSX WMHUTHPOBAThH pa3pyIICHUE
4acTUI] OT MHOTOJICTHETO JCHCTBHS JKEJIe3HONOPOKHOTO JABIKeHHs. Pedyabrarel. [locrme HaydHO-
HCCIICAOBATEILCKUX U OMBITHO-KOHCTPYKTOPCKHX pa3paboTok paspymeHus OammactHoro cios B 2014 romy Obuto
OMmyOJUKOBaHO Hay4dHOe mccienoBanue. B 2017-2018 rogax wcciaemoBaHus Mpoliecca pa3pyluicHHs YacTHIl Oasia-
cTa 6I)IHH MNpCACTaBJICHBI C YUCTOM 60.]'[63 CJIOXKHBIX IMUKJIOB HArpy3ku U UMEJIM NUHAUBUAYAJIbHOC OLICHUBAHUEC. 9TO
Jaet 0oJiee TOYHOE MPECTABICHUE O MMOJIHOM MTOBPEXKICHUH YacTUI[ 0aNITACTHOTO MaTepuaa, T. €. O mpoIiecce pas-
pylieHus. ABTOpaMH NpeICTaBICHbl YTOUHEHHbIE KOPPEISIIIMOHHbIE QYHKIIMU MEXy pacyETHBIMH MapaMeTpamMu 1
LUKIaMH Harpy3kd BO BpeMs HCIBITaHHUS Ha ycranocTe. HayuyHast HoBu3HA. B naHHOI paboTe MOIBITOKEHBI pe-
3yJIbTaThl KOHKPETHOTO pa3pabOTaHHOIo JabOpaTOPHOTO METO/Aa UCIBITAHWN IS OLCHKH IMPOIeCcca pa3pyIICHHsI
gacTuI 0AJUTACTHOTO MaTepHalia ’KeJIe3HOJOPOKHOTO MOJOTHA U3 JBYX PA3MYHBIX MTOPOJ aHAC3UTOBOTO MICOHS.
I[pakTHyeckasi 3HAYUMOCTD. B manpHEHIIEM pe3ylbTaThl MOTYT OBITh HCIIOJIB30BAHKI U BEIYUCICHHUS MPUOIH-
3UTEIEHOTO BPEMEHHOTO WHTEpBaJla, HEOOXOIMMOTO JUTS BBITIOJHEHHUS pabOTHI O O4YHCTKe Oamtacta. [laHHOE WC-
CJIEI0BAaHUE BBHINOJIHEHO B COOTBETCTBHM C HALMOHAJIBHON MPOrpaMMOM COBEpLIEHCTBOBAHUS UNKP-17-4 Musu-
CTepCTBa BO3MOXKHOCTEH YETIOBEKA.

Kniouesvie cnosa: xene3sHOOOPOKHBIN OanIacTHRIA MaTepHall; HOBPEKACHNE U pa3pyIICHHE YaCTHIL, CIICIHAIIb-
HBIA METOJI JTADOPATOPHBIX UCCIICAOBAHUIA; UCTIBFITAHUE HA JUHAMHYCCKYIO YCTAIOCTh
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